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Beds of t h e Dakota F o r m a t i o n i n n o r t h e a s t e r n Utah r e p r e s e n t a 
f l u v i a l e n v i r o n m e n t i n which d e p o s i t i o n o c c u r e d i n two b a s i c t y p e s 
of s t r e a m s : l a r g e m e a n d e r i n g s t r e a m s and s m a l l e r a l l u v i a l p l a i n 
s t r e a m s . The l a r g e m e a n d e r i n g s t r e a m s were c h a r a c t e r i z e d by l a t e r a l 
m i g r a t i o n and p o i n t - b a r d e p o s i t s . These d e p o s i t s a r e r e l a t i v e l y t h i c k 
have h i g h s a n d / s h a l e r a t i o s r a n g i n g from 2 . 3 / 1 t o 13 /1 and have 
l a t e r a l l y c o n t i n u o u s i n d i v i d u a l c h a n n e l s . A l s o , t h e o u t c r o p i t s e l f 
i s l a t e r a l l y c o n t i n u o u s ove r s e v e r a l hundred f e e t fo rming t h i c k , 
unbroken e x p o s u r e s of s a n d s t o n e . D e p o s i t i o n was c y c l i c a l w i t h a s 
many a s s i x v e r t i c a l l y a d j a c e n t c h a n n e l d e p o s i t s . 
The a l l u v i a l p l a i n s t r e a m s were c h a r a c t e r i z e d by channe l a v u l s i o n 
and a b u n d a n t o v e r b a n k m a t e r i a l r e s u l t i n g i n an en e c h e l o n a r r a n g e m e n t 
of a n c i e n t c h a n n e l s . These d e p o s i t s a r e t h i n n e r and have l o w e r 
s a n d / s h a l e r a t i o s t h a t a r e a b o u t 1 / 1 . I n d i v i d u a l c h a n n e l s , a s w e l l 
a s t h e e n t i r e o u t c r o p , a r e l e s s e x t e n s i v e l a t e r a l l y t h a n i n t h e l a r g e r 
m e a n d e r i n g s t r e a m d e p o s i t s . 
T e x t u r a l p a r a m e t e r s , e s p e c i a l l y g r a i n s i z e , a r e u s e f u l i n 
d i s t i n g u i s h i n g s a n d s t o n e and s i l t s t o n e o r i g i n a t i n g i n b o t h t y p e s of 
s t r e a m s and ove rbank a r e a s . P e t r o g r a p h i c d i f f e r e n c e s a r e more 
l i m i t e d i n u s e f u l n e s s . The s i g n i f i c a n t d i f f e r e n c e s o c c u r r e d i n 
s a n d s t o n e and s i l t s t o n e t h a t were d e p o s i t e d i n d i f f e r e n t f low c o n ­
d i t i o n s w i t h i n t h e l a r g e m e a n d e r i n g s t r e a m c h a n n e l s . The c o n t r a s t s 
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a r e i n t h e p e r c e n t s of m a t r i x and cement and i n t h e r e l a t i o n s h i p of 
q u a r t z t o m a t r i x and c e m e n t . Al l of t h e Dakota c h a n n e l d e p o s i t s a r e 
q u a r t z - r i c h and a r e q u a r t z a r e n i t e , s u b l i t h a r e n i t e and s u b a r k o s e . 
E v a l u a t i o n of p a l e o c u r r e n t a z i m u t h s t a k e n from c r o s s - s t r a t i f i e d 
s e d i m e n t a r y s t r u c t u r e s showed t h a t t h e a z i m u t h s a r e f a i r l y w e l l 
c o n c e n t r a t e d i n t h e c h a n n e l s f o r bo th t y p e s of s t r e a m s . The s i m i l a r ­
i t y of p a l e o c u r r e n t i n f o r m a t i o n s u g g e s t s t h a t t h e a l l u v i a l p l a i n 
s t r e a m s were a l s o m e a n d e r i n g . The n e t r e g i o n a l d i r e c t i o n of s e d i m e n t 
movement was t o t h e n o r t h w i t h t h e u l t i m a t e s i t e of d e p o s i t i o n 
p o s s i b l y b e i n g w e s t - c e n t r a l Wyoming. 
In s t u d y i n g t h e o v e r a l l d i s p e r s a l s y s t e m , i t was found t h a t t h e 
l a r g e m e a n d e r i n g s t r e a m s e v o l v e d t h r o u g h two s t a g e s of d e v e l o p m e n t . 
F i r s t , t h i s s t r e a m s y s t e m was c h a r a c t e r i z e d by d e g r a d i n g s t r e a m s i n 
d i s e q u i l i b r i u m w i t h t h e s u r r o u n d i n g s . L a t e r , ( i n Dakota t i m e ) t h i s 
s t r e a m s y s t e m r e a c h e d " g r a d e " and e q u i l i b r i u m w i t h t h e s u r r o u n d i n g s . 
Both s t a g e s of s t r e a m d e v e l o p m e n t a r e r e g i s t e r e d i n a l l o u t c r o p s of 
l a r g e m e a n d e r i n g s t r e a m d e p o s i t s . 
A new u p p e r c o n t a c t i s p r o p o s e d a t t h e b a s e of t h e " c o a r s e ­
g r a i n e d u n i t " . T h i s u n i t i s a p e b b l y s a n d s t o n e and c o n g l o m e r a t e 
h e r e t o f o r e i n c l u d e d w i t h i n t h e D a k o t a . I t i s b e l i e v e d , howeve r , 
t h a t t h i s u n i t i s g e n e t i c a l l y r e l a t e d t o t h e t r a n s g r e s s i n g Mowry 
s e a , r e p r e s e n t s a t r a n s i t i o n a l e n v i r o n m e n t be tween c o n t i n e n t a l and 
m a r i n e c o n d i t i o n s , and was s t r o n g l y a f f e c t e d by t i d a l c u r r e n t s . The 
u n i t i s t h e r e f o r e c o n s i d e r e d p a r t of t h e Mowry F o r m a t i o n . 
The s o u r c e a r e a f o r Dakota s e d i m e n t was p r o b a b l y t h e Meso-
c o r d i l l e r a n g e a n t i c l i n e . The c o m p o s i t i o n of t h e s o u r c e t e r r a n e was 
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The e n v i r o n m e n t of d e p o s i t i o n p r o b a b l y was a l o w - l y i n g a l l u v i a l , 
c o a s t a l p l a i n . The f i r s t s t a g e of d e v e l o p m e n t of t h e l a r g e m e a n d e r i n g 
s t r e a m s was f a r t h e s t from t h e s e a . The second s t a g e and t h e a l l u v i a l 
p l a i n s t r e a m s were e v i d e n t l y much c l o s e r t o t h e s e a . 
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INTRODUCTION 
The Dakota Fo rma t ion i n n o r t h e a s t e r n Utah i s a n o n m a r i n e , 
c o n t i n e n t a l d e p o s i t of C r e t a c e o u s a g e . More p r e c i s e e s t i m a t e s of 
i t s age a r e v e r y d i f f i c u l t t o d e t e r m i n e b e c a u s e of a c o m p l e t e l a c k of 
f o s s i l s w i t h i n t h e f o r m a t i o n i n t h e s t u d y a r e a . I t h a s , howeve r , 
been b r a c k e t e d by t h e d a t e d Mowry and Cedar Mounta in F o r m a t i o n s . The 
Dakota F o r m a t i o n i s c o n s i d e r e d by many a u t h o r s (Haun, 1 9 5 9 , 1 9 6 3 ; 
H a v e r f i e l d , 1 9 7 0 ; K inney , 1 9 5 5 ; R e e s i d e , 1 9 2 3 ; S u t t n e r , 1 9 6 9 ; 
W a l t o n , 1944 ; Weimer, 1 9 6 2 , 1970) a s bo th Lower and Lower-Upper 
C r e t a c e o u s a g e . 
I t i s t h e o b j e c t of t h i s t h e s i s t o d e t e r m i n e t h e e n v i r o n m e n t of 
d e p o s i t i o n of t h e Dakota Fo rma t ion and t o e v a l u a t e t h a t e n v i r o n m e n t 
i n a d e t a i l e d manner . Knowledge of t h e Dakota F o r m a t i o n i n n o r t h ­
e a s t e r n Utah w i l l be h e l p f u l i n i n t e r p r e t i n g t h e g e o l o g i c h i s t o r y of 
t h e r e g i o n d u r i n g t h e C r e t a c e o u s . I t may a l s o p r o v e h e l p f u l i n 
u n d e r s t a n d i n g some C r e t a c e o u s c o r r e l a t i o n and f a c i e s s t r a t i g r a p h i c 
p r o b l e m s b e c a u s e t h e s t u d y a r e a i n c l u d e s some of t h e w e s t e r n m o s t 
e x p o s u r e s of t h e Dakota a n d , t h e r e f o r e , may be c l o s e s t t o t h e s o u r c e 
a r e a . The Dakota has been s t u d i e d p r e v i o u s l y i n C o l o r a d o , t h e 
C o l o r a d o P l a t e a u of Utah and C o l o r a d o on t h e s o u t h , and f o r m a t i o n s 
p r o b a b l y e q u i v a l e n t t o t h e Dakota in Wyoming on t h e n o r t h . F i g u r e 1 
i s an i n d e x and o u t c r o p map of t h e s t u d y a r e a . 
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L a t e J u r a s s i c - E a r l y C r e t a c e o u s s t r a t i g r a p h y p r e s e n t s some of 
t h e mos t complex s t r a t i g r a p h i c p rob l ems i n t h e w e s t e r n i n t e r i o r . 
T h i s s u b j e c t has been d i s c u s s e d by many a u t h o r s w i t h a l m o s t a s 
many d i f f e r e n t i n t e r p r e t a t i o n s ( B u r k , 1957 ; Cobban and R e e s i d e , 1952 ; 
E y e r , 1 9 6 9 ; F u r e r , 1970 ; Hale and Van De G r a f f , 1964 ; Haun, 1 9 5 9 ; 
Haun and B a r l o w , 1962 ; MacKenzie and P o o l e , 1962 ; R e e s i d e , 1 9 4 4 , 1 9 5 5 ; 
S c o t t , 1970 ; S t o k e s , 1944 , 1 9 5 2 , 1 9 5 5 ; Young, 1960 , 1 9 7 0 ) . Because 
i t i s beyond t h e s c o p e of t h i s s t u d y t o make a r e g i o n a l i n t e r p r e t a t i o n 
of C r e t a c e o u s b o u n d a r i e s and f a c i e s c h a n g e s , l o c a l s t r a t i g r a p h y 
w i t h i n t h e s t u d y a r e a was u s e d . 
The Dakota F o r m a t i o n i s bounded above and below by t h e Mowry and 
Cedar Mounta in F o r m a t i o n s r e s p e c t i v e l y . The Mowry i s a d a r k g r a y 
t o b l a c k , s i l i c e o u s m a r i n e " s h a l e " . I t i s e a s i l y r o c o g n i z e d i n t h e 
f i e l d by i t s c o l o r , f i s s i l i t y , d i a g n o s t i c f i s h s c a l e s and by i t s s l o p e -
fo rming t o p o g r a p h y . V e g e t a t i o n g rowing on t h e Mowry i s r a t h e r s p a r s e . 
The Cedar Mounta in F o r m a t i o n , of c o n t i n e n t a l o r i g i n , i s a l s o e a s i l y 
r o c o g n i z e d by i t s s l o p e - f o r m i n g c h a r a c t e r i s t i c s and i t s v a r i e g a t e d 
c o l o r s of r e d , p u r p l e and g r a y . S e d i m e n t s of t h e Cedar Mounta in 
F o r m a t i o n were n o t examined i n d e t a i l , b u t c u r s o r y o b s e r v a t i o n s 
i n d i c a t e t h a t i t i s p r i m a r i l y composed of c l a y s t o n e and s i l t s t o n e 
and r a r e s a n d s t o n e l e n s e s . 
The Dakota Fo rma t ion i n n o r t h e a s t e r n Utah was d e p o s i t e d i n 
f l u v i a l e n v i r o n m e n t s . Two main f a c i e s can be r e c o g n i z e d i n t h e f i e l d ; 
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a c h a n n e l f a c i e s c o n s i s t i n g of s a n d s t o n e , p e b b l y s a n d s t o n e and c o n ­
g l o m e r a t e and an ove rbank f a c i e s c o n s i s t i n g of s a n d s t o n e , s i l t s t o n e 
and muds tone ( F o l k , 1 9 6 8 , p . 2 7 - 3 1 ) . T h i s t h e s i s i s c o n c e r n e d p r i m a r i l y 
w i t h t h e c h a n n e l f a c i e s . E x p o s u r e s of t h e c h a n n e l f a c i e s a r e numerous 
and e a s i l y a c c e s s i b l e w i t h i n t h e s t u d y a r e a and form r e s i s t a n t 
hogbacks o r c l i f f s . T h i c k n e s s of t h e channe l f a c i e s i s v a r i a b l e , 
b u t t h e main f l u v i a l c h a n n e l d e p o s i t s a r e i n e x c e s s of 100 f e e t on 
t h e s o u t h f l a n k s of t h e U i n t a Mounta ins and t h i c k e n t o o v e r 200 f e e t 
on t h e n o r t h f l a n k s of t h e U i n t a M o u n t a i n s . The t h i c k n e s s of t h e 
f o r m a t i o n where t h e channe l f a c i e s i s a b s e n t was n o t d e t e r m i n e d . 
Workable e x p o s u r e s of t h e o v e r b a n k f a c i e s a r e l i m i t e d . Only 
one e x p o s u r e of ove rbank s e d i m e n t s was m e a s u r e d . 
Methods 
O u t c r o p s of t h e Dakota F o r m a t i o n were measured a t e l e v e n 
l o c a t i o n s on t h e n o r t h and s o u t h f l a n k s of t h e U i n t a M o u n t a i n s . Each 
s e c t i o n was measured w i t h a t a p e and b r u n t o n c o m p a s s . D e t a i l e d 
d e s c r i p t i o n s of t h e l i t h o l o g y and s e d i m e n t a r y s t r u c t u r e s were made 
i n t h e f i e l d . S p e c i a l a t t e n t i o n was g i v e n t o t h e i d e n t i f i c a t i o n , 
t h i c k n e s s and o t h e r c h a r a c t e r i s t i c s of t h e c y c l i c i t y of t h e c h a n n e l s . 
Samples of t h e o u t c r o p were t a k e n a t a p p r o p r i a t e i n t e r v a l s t o check 
f o r l i t h o l o g i c v a r i a t i o n i n t h e v e r t i c a l s e q u e n c e . Samples were 
c a r e f u l l y n o t e d a s t o which f l u v i a l c y c l e t h e y r e p r e s e n t e d . 
A t o t a l of 353 p a l e o c u r r e n t a z i m u t h s were t a k e n o v e r t h e e n t i r e 
s t u d y a r e a . They were e v a l u a t e d a t t h r e e d i f f e r e n t i n t e r p r e t a t i v e 
l e v e l s . P a l e o c u r r e n t a z i m u t h s were g rouped i n t o c y c l e s a t each 
measured s e c t i o n t o d e t e r m i n e t h e v a r i a b i l i t y of f low d i r e c t i o n s 
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t h r o u g h t i m e . S e c o n d l y , t h e a z i m u t h s were t o t a l e d t o d e t e r m i n e t h e 
a v e r a g e p a l e o f l o w d i r e c t i o n s t h r o u g h Dakota t i m e f o r each o u t c r o p . 
T h i r d l y , a g r and t o t a l of a l l a z i m u t h s i n t h e s t u d y a r e a was e v a l u a t e d 
t o d e t e r m i n e t h e a v e r a g e p a l e o s l o p e d i r e c t i o n of t h e s t u d y a r e a 
t h r o u g h o u t Dakota d e p o s i t i o n . 
Th in s e c t i o n s of 50 s a m p l e s were s t u d i e d i n d e t a i l . T h i r t y - f i v e 
of t h e s e were a n a l y z e d by modal a n a l y s i s . Two hundred p o i n t s were 
c o u n t e d p e r t h i n - s e c t i o n . Each modal a n a l y s i s was made u n d e r h igh 
m a g n i f i c a t i o n (x 320) w i t h a m a n u a l l y o p e r a t e d m e c h a n i c a l s t a g e . 
One h u n d r e d - f i f t y r o c k s a m p l e s were examined u n d e r a b i n o c u l a r 
m i c r o s c o p e . The o b j e c t of t h i s e x a m i n a t i o n was t o d e t e r m i n e t h e 
modal g r a i n s i z e , f r o s t i n g , s o r t i n g , c o l o r and r o u n d n e s s of s a n d -
s i z e d d e t r i t a l g r a i n s . 
S i x t e e n s a m p l e s were s e l e c t e d f o r X- ray a n a l y s i s . Some o f t h e 
s ample s were p r e p a r e d t o d e t e r m i n e t h e b u l k m i n e r a l o g y of t h e c h a n n e l 
s a n d s t o n e s and t h e ove rbank d e p o s i t s . O t h e r s a m p l e s were p r e p a r e d 
s p e c i f i c a l l y t o a n a l y z e f o r c l a y m i n e r a l c o n t e n t of c h a n n e l s a n d s t o n e s 
and o v e r b a n k d e p o s i t s . Al l s a m p l e s were run a t 40KV and 20MA w i t h 
Cu K-a lpha X - r a d i a t i o n . 
Because t h e Dakota Fo rma t ion has n o t been d a t e d by p a l e o n t o l o g i c a l 
e v i d e n c e , a s p e c i a l e f f o r t was made i n t h e f i e l d and l a b o r a t o r y t o 
f i n d f o s s i l s . No f o s s i l r e m a i n s of any k ind were o b s e r v e d i n t h e 
f i e l d . T h i n - s e c t i o n work p roduced no f o s s i l s i n d i g e n o u s t o t h e 
Dakota F o r m a t i o n . Two sample s of ove rbank d e p o s i t s and one of a 
p o s s i b l e p a l u d a l e n v i r o n m e n t t h a t seemed l i k e l y t o p r o d u c e m i c r o f o s s i l s 
were s e l e c t e d f o r f u r t h e r o b s e r v a t i o n . Each s ample was d i s i n t e g r a t e d 
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by t r e a t i n g w i t h k e r o s e n e and w a t e r . T h e i r e x a m i n a t i o n u n d e r a 
b i n o c u l a r m i c r o s c o p e showed no m i c r o f o s s i l s . 
 "it   ,l  hei   
 i crofos i l s.
STRATIGRAPHY OF THE DAKOTA FORMATION 
V a r i o u s i n t e r n a l s t r a t i g r a p h i c f e a t u r e s a r e d i a g n o s t i c of t h e 
Dakota F o r m a t i o n . These may be h e l p f u l i n r e c o g n i t i o n of t h e 
f o r m a t i o n and i n u n d e r s t a n d i n g t h e e n v i r o n m e n t of d e p o s i t i o n and 
p a l e o t o p o g r a p h y . Two e a s t - w e s t c r o s s - s e c t i o n s ( f i g u r e 3 and 4 ) on 
each s i d e of t h e U i n t a Moun ta ins and a n o r t h - s o u t h c r o s s - s e c t i o n 
( f i g u r e 5) a c r o s s t h e m o u n t a i n s summar ize t h e s t r a t i g r a p h i c f e a t u r e s 
w i t h i n t h e D a k o t a . F i g u r e 2 i s a r e g i o n a l map showing t h e l o c a t i o n 
of t h e c r o s s - s e c t i o n s i n t h e s t u d y a r e a . 
Types of O u t c r o p s 
S e d i m e n t a r y d e p o s i t s on t h e f l a n k s of t h e U i n t a Moun ta in s 
a r e t i l t e d a l m o s t v e r t i c a l and can be t r a c e d i n a g e n e r a l e a s t - w e s t 
d i r e c t i o n f o r many m i l e s . The Dakota conforms t o t h a t r e g i o n a l o u t c r o p 
p a t t e r n . L o c a l l y , however , t h e Dakota has t h r e e e x c l u s i v e t y p e s of 
o u t c r o p s . Two a r e of t h e c h a n n e l f a c i e s and one of t h e o v e r b a n k 
f a c i e s . 
Channel F a c i e s O u t c r o p s . - - T h e two t y p e s of c h a n n e l f a c i e s 
o u t c r o p s d i f f e r i n t h i c k n e s s , s a n d / s h a l e r a t i o , and l a t e r a l c o n ­
t i n u i t y of i n d i v i d u a l c h a n n e l s and t h e o u t c r o p i t s e l f . These 
d i f f e r e n c e s a r e c a u s e d by v a r i a t i o n of s t r e a m c h a r a c t e r i s t i c s . Some 
of t h e channe l f a c i e s o u t c r o p s r e p r e s e n t d e p o s i t i o n i n l a r g e 
m e a n d e r i n g s t r e a m s . These s a n d s t o n e s form t h e t h i c k e s t e x p o s u r e s of 
   
 l    t   th
t  l  i   th
      i  
 \'/ t     
     t   cross-se ti
   t   i  features
        loc ti
      are .
 
t  i       r'lountain
        east-
       tcr
·patt . l  lt/       
        r
 . 
 t     facies
 r     l -
  l     
s      t ri t . 
     t i   larg
    t   
F i g . 2 — L o c a t i o n of c r o s s - s e c t i o n s i n s t u d y a r e a 
WYO MING 
1--- - -----i - .",;--=--::::;~;;- - - -,--
3 
.................. 
.... :::. :::;;:::: :::::::;::::: 
.................. 




UI NTA BASIN 
scale in miles 
1 - M 
2 - F 
3 - C 
4 - S 
5 - SM-A 





7 - SM-B 
8 - SM-C 
9 - QA 
10 - GM 
11 - DC 
i   -- lo  f i s i  tudy 
8 

























Very well V 
Well W 
Moderote M 
Poorly to P 
very poorly 









X Cross- stratitication 






      f  

















w '. " x 
c' 
7 9 10 
4.5 MILES ----~----9 MILES ----~ 



















t h e Dakota i n t h e s t u d y a r e a . The s e c t i o n a t F inch Draw, f o r e x a m p l e , 
i s a p p r o x i m a t e l y 250 f e e t t h i c k , s e c t i o n SM-B i s 112 f e e t t h i c k , and 
a t S t e i n a k e r Draw t h e Dakota i s a l s o 112 f e e t t h i c k . O t h e r s e c t i o n s 
were a l s o d e p o s i t e d i n t h e same t y p e of f l u v i a l s y s t e m , b u t a r e n o t 
a s t h i c k . R e c o g n i t i o n of m e a n d e r i n g s t r e a m d e p o s i t s w i l l be d i s c u s s e d 
u n d e r t h e h e a d i n g of f l u v i a l c h a n n e l s . These s a n d s t o n e s a l s o have 
a h igh s a n d / s h a l e r a t i o compared t o t h e o t h e r c h a n n e l d e p o s i t s , 
r a n g i n g from 2 . 3 / 1 t o 13 /1 ( f i g u r e 6 ) . Many f l u v i a l c h a n n e l s can 
be t r a c e d s e v e r a l hundred f e e t w i t h l i t t l e change i n channe l t h i c k n e s s . 
No c h a n n e l s were o b s e r v e d t h a t c o m p l e t e l y p i n c h o u t w i t h i n t h e o u t c r o p . 
The o u t c r o p i t s e l f i s a l s o l a t e r a l l y c o n t i n u o u s , fo rming t h i c k , 
unb roken e x p o s u r e s s e v e r a l hundred f e e t l o n g . The s e c t i o n s a t F inch 
Draw, S t e i n a k e r Draw and SM-B a r e a l l we l l o v e r 1000 f e e t l o n g . 
The o t h e r t y p e of channe l f a c i e s o u t c r o p was formed by s m a l l e r 
s t r e a m s ( f i g u r e 7 ) . The e x a c t n a t u r e of t h e s t r e a m c h a r a c t e r i s t i c s , 
howeve r , i s s t i l l somewhat i n q u e s t i o n . These s t r e a m s p r o b a b l y 
r e p r e s e n t d e p o s i t i o n on an a l l u v i a l c o a s t a l p l a i n ( A l l e n , 1965) w i t h 
t h e s e a t o t h e n o r t h . The o u t c r o p morphology of t h e s e s m a l l e r s t r e a m 
c h a n n e l s i s d e c i d e d l y d i f f e r e n t from t h a t of t h e l a r g e r c h a n n e l s . T h i s 
s u g g e s t s s u b s t a n t i a l c h a n g e s i n t h e s t r e a m s y s t e m . The t h i c k n e s s of 
t h e s e d e p o s i t s a r e l e s s t h a n t h o s e of t h e o t h e r s t r e a m s y s t e m . The 
s e c t i o n a t C h o l e c h e r r y Draw i s 82 f e e t t h i c k and t h e D i n o s a u r , 
C o l o r a d o s e c t i o n i s 5 3 . 5 f e e t t h i c k . The s a n d / s h a l e r a t i o f o r t h e s e 
two s e c t i o n s a r e 1 .1 /1 and 1 / 1 . 5 r e s p e c t i v e l y , which i s l e s s t h a n 
t h e p r e v i o u s l y m e n t i o n e d m e a n d e r i n g c h a n n e l s y s t e m . I n d i v i d u a l 
c h a n n e l s a r e much l e s s e x t e n s i v e l a t e r a l l y t h a n t h o s e of t h e fo rmer 
the Dakota in the study area. The section at Finch Draw, for example, 
is approximately 250 feet thick, section sr~-B is 112 feet thick, and 
at Steinaker Draw the Dakota is also 112 feet thick. Other sections 
were also deposited in the same type of fluvial system, but are not 
as thick. Recognition of meandering stream deposits will be discussed 
under the heading of fluvial channels. These sandstones also have 
a high sand/shale ratio compared to the other channel deposits, 
ranging from 2.3/1 to 13/1 (figure 6). Many fluvial channels can 
be traced several hundred feet with little change in channel thickness. 
No channels were observed that completely pinch out within the outcrop. 
The outcrop itself is also laterally continuous, forming thick, 
unbroken exposures several hundred feet long. The sections at Finch 
Draw, Steinaker Draw and SM-B are all well over 1000 feet long. 
The other type of channel fac i es outcrop It/as formed by sma 11 er 
streams (figure 7). The exact nature of the stream characteristics, 
however, is still somewhat in question. These streams probably 
represent deposition on an alluvial coastal plain (Allen, 1965) with 
the sea to the north. The outcrop morphology of these smaller stream 
channels is decidedly different from that of the larger channels. This 
suggests substantial changes in the stream system. The thickness of 
these deposits are less than those of the other stream system. The 
section at Cholecherry Dra\'1 is 82 feet thick and the Dinosaur, 
Colorado section is 53.5 feet thick. The sand/shale ratio for these 
two sections are 1.1/1 and 1/1.5 respectively, which is less than 
the previously mentioned meandering channel system. Individual 
channels are much less extensive laterally than those of the former 
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F i g . 6 - - O u t c r o p of l a r g e m e a n d e r i n g s t r e a m d e p o s i t ( s e c t i o n SM-B) 
showing c y c l i c d e p o s i t i o n of f l u v i a l c h a n n e l s . O u t c r o p t h i c k n e s s a b o u t 
112 f e e t . 
F i g . 7 - - O u t c r o p of a l l u v i a l p l a i n s t r e a m d e p o s i t ( s e c t i o n M) showing 
low s a n d / s h a l e r a t i o > p i n c h i n g o u t of c h a n n e l s and c r e v a s s e - s p l a y 
d e p o s i t s . 
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s t r e a m s y s t e m . Channe l s may o r may n o t have t h e same l a t e r a l d imen­
s i o n s a s t h e o u t c r o p . Because of t h e low s a n d / s h a l e r a t i o , t h o s e 
c h a n n e l s t h a t do p i n c h o u t w i t h i n an o u t c r o p a r e c o m p l e t e l y s u r r o u n d e d 
by f i n e - g r a i n e d ove rbank m a t e r i a l . Very few smal l c h a n n e l d e p o s i t s , 
i f a n y j a r e i n d i r e c t c o n t a c t w i t h one a n o t h e r . V i r t u a l l y a l l a r e 
s e p a r a t e d v e r t i c a l l y by ove rbank m a t e r i a l . The o u t c r o p s a r e a l s o 
l e s s e x t e n s i v e t h a n t h o s e o r i g i n a t i n g from a l a r g e m e a n d e r i n g s t r e a m 
s y s t e m . At D i n o s a u r , C o l o r a d o , t h e l a t e r a l e x p o s u r e of such o u t c r o p s 
was n o t d i r e c t l y m e a s u r e d ; however , t h e y were r o u g h l y 200-300 f e e t 
long and s e p a r a t e d from t h e n e x t Dakota o u t c r o p by 300-400 f e e t of 
v e r y p o o r l y exposed ove rbank m a t e r i a l . 
Overbank F a c i e s O u t c r o p s . - - I n f o r m a t i v e o u t c r o p s of t h e o v e r b a n k 
f a c i e s a r e r a r e i n t h e s t u d y a r e a . Because of t h e p a u c i t y of s a n d s t o n e 
and t h e l a c k of c h a n n e l d e p o s i t s , t h e ove rbank f a c i e s i s a l m o s t a lways 
a s l o p e - f o r m e r . I t i s u s u a l l y c o v e r e d w i t h v e g e t a t i o n , t a l u s o r 
b o t h . The ove rbank f a c i e s of t h e Dakota i s t h e r e f o r e c h a r a c t e r i z e d 
by i t s s l o p e - f o r m i n g h a b i t , and r a r e s a n d s t o n e and l a c k of c h a n n e l 
d e p o s i t s . T h i s , i n e f f e c t , p r o v i d e s few n a t u r a l e x p o s u r e s . A 
s i n g l e r o a d c u t on Highway 4 0 , of which a t l e a s t p a r t r e p r e s e n t s t h e 
ove rbank f a c i e s , d i d a l l o w mean ingfu l o b s e r v a t i o n s t o be made . I t 
s h o u l d be n o t e d t h a t t h i s f a c i e s i s a l s o p r e s e n t i n o u t c r o p s of t h e 
c h a n n e l f a c i e s , b u t , a s shown by t h e s a n d / s h a l e r a t i o , i t i s a mino r 
c o n s t i t u t e n t i n t h e l a r g e m e a n d e r i n g s t r e a m d e p o s i t s and forms 
a p p r o x i m a t e l y 50 p e r c e n t of t h e c h a n n e l d e p o s i t s o r i g i n a t i n g on t h e 
a l l u v i a l c o a s t a l p l a i n . 
stream system. Channels mayor may not have the same lateral dimen-
sions as the outcrop. Because of the low sand/shale ratio, those 
channels that do pinch out within an outcrop are completely surrounded 
by fine-grained overbank material. Very few small channel deposits, 
if any) are in direct contact with one another. Virtually all are 
separated vertically by overbank material. The outcrops are also 
less extensive than those originating from a large meandering stream 
system. At Dinosaur, Colorado, the lateral exposure of such outcrops 
was not directly measured; however, they were roughly 200-300 feet 
long and separated from the next Dakota outcrop by 300-400 feet of 
very poorly exposed overbank material. 
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F o r m a t i o n a l C o n t a c t s 
The D a k o t a - C e d a r Mountain c o n t a c t i s u n c o n f o r m a b l e . R e l a t i v e l y 
l a r g e Dakota s t r e a m s have i n c i s e d i n t o t h e u n d e r l y i n g Cedar Mounta in 
Fo rma t ion as shown by e r o s i o n a l c h a n n e l s f i l l e d w i t h s a n d s t o n e and 
mino r c o n g l o m e r a t e . R e l i e f of t h i s e r o s i o n a l s u r f a c e i s as much a s 
50 f e e t ( H a n s e n , 1 9 6 5 ) . The m a g n i t u d e of t h e t ime h i a t u s o r t h e 
amount of s e d i m e n t removed a t t h i s s u r f a c e was n o t d e t e r m i n e d . 
Wherever t h i s c o n t a c t i s l o c a l l y e x p o s e d , i t i s e a s i l y r e c o g n i z e d 
a s an e r o s i o n a l u n c o n f o r m i t y . R e g i o n a l l y , i t i s c o n s i d e r e d a d i s -
c o n f o r m i t y (Hansen and B o n i l l a , 1 9 5 6 , Hansen , 1 9 6 5 ) . 
The u p p e r c o n t a c t w i t h t h e Mowry F o r m a t i o n i s p r o b a b l y uncon ­
f o r m a b l e . The c o n t a c t s e p a r a t e s a t r a n s g r e s s i v e m a r i n e d e p o s i t from 
a c o n t i n e n t a l f l u v i a l d e p o s i t . S i n c e t h e Dakota i s c o n t i n e n t a l , 
i t p r o b a b l y r e p r e s e n t s a t i m e of s u b - a e r i a l e r o s i o n and l o c a l i z e d 
s t r e a m d e p o s i t i o n . T h e r e f o r e , i t i s l i k e l y t h a t t h e u p p e r c o n t a c t 
r e p r e s e n t s an i n t e r r u p t i o n of d e p o s i t i o n f o r some unknown l e n g t h of 
t i m e . I t i s s t i l l n o t known how t h e s e a t r a n s g r e s s e d o v e r t h e 
s h o r e s a n d s . P h y s i c a l l y , t h e c o n t a c t i s s h a r p above t h e c h a n n e l 
f a c i e s and a l m o s t u n r e c o g n i z a b l e above t h e o v e r b a n k f a c i e s . 
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FLUVIAL CHANNELS 
D e t a i l e d o b s e r v a t i o n s of t h e Dakota f l u v i a l c h a n n e l s were made 
t o d e t e r m i n e t h e n a t u r e of t h e a n c i e n t s t r e a m s and u n d e r s t a n d t h e 
p r o c e s s e s t h a t were o p e r a t i v e d u r i n g d e p o s i t i o n . T h i s was a c h i e v e d 
by e xamin ing r o c k t y p e s , channe l t h i c k n e s s e s , i n t e r n a l s t r u c t u r e s , 
v e r t i c a l p r o f i l e s and i n f e r r e d f low r e g i m e s . The t e x t u r e was a l s o 
s t u d i e d , b u t i s d i s c u s s e d u n d e r i t s own h e a d i n g . C h a r a c t e r i s t i c s 
of s i n g l e c h a n n e l s w i l l be examined f i r s t , t h e n f o l l o w e d by a 
d i s c u s s i o n of t h e s u p e r p o s i t i o n of c h a n n e l s and t h e r e s u l t i n g c y c l i c 
f e a t u r e s of t h e c h a n n e l f a c i e s . 
Rock Types 
Each f l u v i a l c h a n n e l can be d i v i d e d i n t o two l i t h o l o g i c u n i t s . 
The f i r s t u n i t i s a c o a r s e , p o o r l y - s o r t e d b a s a l s a n d s t o n e o r c o n ­
g l o m e r a t e t h a t d i r e c t l y o v e r l i e s t h e e r o s i o n a l s u r f a c e a t t h e b o t t o m 
of t h e c h a n n e l s . Ext remes i n g r a i n s i z e r a n g e from m e d i u m - g r a i n e d 
s a n d s t o n e t o p e b b l e c o n g l o m e r a t e . I n t e r m e d i a t e g r a i n s i z e p e b b l y 
s a n d s t o n e (5-30% g r a v e l - s i z e m a t e r i a l ) i s , by f a r , t h e mos t common 
l i t h o l o g y found i n t h e c o a r s e - g r a i n e d b a s a l d e p o s i t s . Whenever 
g r a v e l - s i z e m a t e r i a l i s p r e s e n t , e i t h e r i n p e b b l y s a n d s t o n e o r 
c o n g l o m e r a t e , g r a n u l e - s i z e d m a t e r i a l i s more common t h a n p e b b l e s 
i n t h e b a s a l u n i t s . True p e b b l e c o n g l o m e r a t e i s r a r e , b u t p r e s e n t . 
Most c o n g l o m e r a t e i s a c t u a l l y g r a n u l e - c o n g l o m e r a t e . The g r a v e l - s i z e d 
m a t e r i a l i s composed of c h e r t , me t amorph i c r o c k f r a g m e n t s and 
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s e d i m e n t a r y r o c k f r a g m e n t s . The b a s a l d e p o s i t s commonly c o n t a i n 
b o u l d e r - s i z e f r a g m e n t s of bank m a t e r i a l . These f r a g m e n t s a r e p r i m a r l y 
muds tone and l e s s e r amounts of s i l t s t o n e . Excep t f o r t h e medium-
g r a i n e d s a n d s t o n e , t h e b a s a l beds a r e c o n s i d e r e d t o r e p r e s e n t c h a n n e l 
l a g d e p o s i t s . Wood f r a g m e n t s and c o n c r e t i o n s , commonly r e p o r t e d i n 
o t h e r c h a n n e l l a g d e p o s i t s , a r e n o t p r e s e n t i n t h e b a s a l u n i t s of 
t h e D a k o t a . V i s i b l e s e d i m e n t a r y s t r u c t u r e s a r e a l s o a b s e n t w i t h o n l y 
one p o s s i b l e e x c e p t i o n . Clay i s a b u n d a n t and i s t h e p r i m a r y c e m e n t i n g 
a g e n t .
 N 
The second l i t h o l o g i c u n i t i s t h e f i n e r g r a i n e d s a n d s t o n e 
d e p o s i t e d above t h e c h a n n e l l a g d e p o s i t s . A s i d e from g r a i n s i z e , 
t h i s l i t h o l o g i c u n i t i s c h a r a c t e r i z e d by a b u n d a n t s e d i m e n t a r y 
s t r u c t u r e s , s o r t i n g , c o l o r and t h e f r i a b l e n a t u r e of t h e s a n d s t o n e i n 
t h e o u t c r o p . T h i s u n i t forms as much as 95 p e r c e n t of t h e t h i c k n e s s 
of t h e l a r g e r c h a n n e l d e p o s i t s and l e s s e r p e r c e n t a g e s of t h e s m a l l e r 
c h a n n e l s . G r a i n s i z e r a n g e s from s i l t t o c o a r s e - g r a i n e d s a n d , b u t 
s i l t s t o n e ( F o l k , 1 9 6 3 , p . 2 7 - 3 1 ) and c o a r s e - g r a i n e d s a n d s t o n e a r e 
r a r e . S a n d s t o n e of i n t e r m e d i a t e g r a i n s i z e i s t h e mos t common and 
f i n e - g r a i n e d s a n d s t o n e i s d o m i n a n t . G r a v e l - s i z e d m a t e r i a l i s r a r e 
t o a b s e n t . Where p r e s e n t , g r a v e l forms i s o l a t e d g r a n u l e s randomly 
d i s t r i b u t e d i n t h e s a n d s t o n e o r p e b b l y s t r i n g e r s i n t h e s a n d s t o n e . 
Channel T h i c k n e s s e s 
The t h i c k n e s s e s of s e p a r a t e c h a n n e l s were measured t o o b t a i n 
some i d e a of t h e s i z e of t h e Dakota s t r e a m s and t o s e e i f c h a n n e l 
c o r r e l a t i o n s c o u l d be made w i t h i n t h e s t u d y a r e a . Measurements of 
o n l y f u l l y exposed c h a n n e l s were u s e d . The t h i c k n e s s e s of o v e r b a n k 
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d e p o s i t s were e x c l u d e d when p r e s e n t i n c h a n n e l f a c i e s . 
The h i s t o g r a m ( f i g u r e 8) shows t h e p e r c e n t of c h a n n e l d e p o s i t s 
p l o t t e d a g a i n s t t h i c k n e s s . Almost 80 p e r c e n t of a l l i n d i v i d u a l 
c h a n n e l d e p o s i t s a r e l e s s t h a n 20 f e e t t h i c k . The r e m a i n i n g 20 
p e r c e n t r a n g e from 20 f e e t t h i c k t o o v e r 40 f e e t t h i c k . T h i s s u g g e s t s 
t h a t d u r i n g Dakota t i m e t h e r e was wide v a r i a t i o n i n t h e s i z e , and 
p r o b a b l y morpho logy a s w e l l , of t h e s t r e a m s . 
Channel t h i c k n e s s e s from t h e two d i f f e r e n t t y p e s of c h a n n e l 
f a c i e s o u t c r o p s were compared . A t o t a l of 22 f u l l y exposed c h a n n e l s 
a s s o c i a t e d w i t h t h e main m e a n d e r i n g s t r e a m s y s t e m s were m e a s u r e d . 
T h e i r t h i c k n e s s e s p l o t i n a l l 5 c a t a g o r i e s of t h e h i s t o g r a m . 
S e v e n t y - t h r e e p e r c e n t a r e 20 f e e t t h i c k o r l e s s . The r e m a i n i n g 27 
p e r c e n t a r e 20 f e e t t h i c k o r m o r e . Nine p e r c e n t of t h e 22 c h a n n e l s a r e 
40 f e e t o r more i n t h i c k n e s s . 
Seven f u l l y exposed c h a n n e l s were measured from c h a n n e l f a c i e s 
o u t c r o p s t h a t p o s s i b l y o r i g i n a t e d on a l l u v i a l c o a s t a l p l a i n s . T h e i r 
c h a n n e l d e p o s i t s a r e much more r e s t r i c t e d i n t h i c k n e s s . F i v e of t h e 
s e v e n c h a n n e l s (71.5%) a r e l e s s t h a n 10 f e e t t h i c k . The r e m a i n i n g 
two a r e be tween 10 and 20 f e e t t h i c k . Only two c h a n n e l s (29 .5%) 
p l o t i n t h e second b a r ( 1 0 - 1 9 . 9 f e e t ) . 
C o r r e l a t i o n of c h a n n e l s by compar ing measu red s e c t i o n s was 
a t t e m p t e d b u t p roved t o be u n s u c c e s s f u l . The c h a n n e l s t h a t a p p e a r 
mos t l i k e l y t o be c o r r e l a t e d a r e t h e l a r g e s t c h a n n e l s t h a t a r e i n 
c l o s e p r o x i m i t y t o one a n o t h e r . The b a s a l c h a n n e l s a t S t e i n a k e r 
Draw and a t s e c t i o n SM-B a r e such a p o s s i b i l i t y . T h i s n o t i c a b l e 
l a c k of c o r r e l a t i o n i s i n d i c a t i v e of t h e t e m p o r a l n a t u r e of s t r e a m s . 
deposits were excluded when present in channel facies. 
The histogram (figure 8) shows the percent of channel deposits 
plotted against thickness. Almost 80 percent of all individual 
channel deposits are less than 20 feet thick. The remaining 20 
percent range from 20 feet thick to over 40 feet thick. This suggests 
that during Dakota time there was wide variation in the size, and 
probably morphology as well, of the streams. 
Channel thicknesses from the two different types of channel 
facies outcroRs were compared. A total of 22 fully exposed channels 
associated with the main meandering stream systems were measured. 
8 
Their thicknesses plot in all 5 catagories of the histogram. 
Seventy-three percent are 20 feet thick or less. The remaining 27 
percent are 20 feet thick or more. Nine percent of the 22 channels are 
40 feet or more in thickness. 
Seven fully exposed channels were measured from channel facies 
outcrops that possibly originated on alluvial coastal plains. Their 
channel deposits are much more restricted in thickness. Five of the 
seven channels (71.5%) are less than 10 feet thick. The remaining 
two are betvJeen 10 and 20 feet thiC!<.. Only two channels (29.5%) 
plot in the second bar (10-19.9 feet). 
Correlation of channels by comparing measured sections was 
attempted but proved to be unsuccessful. The channels that appear 
most likely to be correlated are the largest channels that are in 
close proximity to one another. The basal channels at Steinaker 
Draw and at section St~-B are such a possibility. This noticable 
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S e d i m e n t a r y S t r u c t u r e s 
S e d i m e n t a r y s t r u c t u r e s a r e a b u n d a n t i n t h e Dakota F o r m a t i o n . 
D e t a i l e d s t u d i e s of t h e v a r i o u s s t r u c t u r e s made p o s s i b l e t h e i n t e r ­
p r e t a t i o n of t h e g e n e r a l e n v i r o n m e n t of d e p o s i t i o n , t h e n a t u r e of 
t h e Dakota s t r e a m s , t h e d i s p e r s a l sy s t em p r e s e n t d u r i n g d e p o s i t i o n , 
and t h e d i r e c t i o n of p o s s i b l e s o u r c e a r e a s . 
C r o s s - s t r a t i f i c a t i o n . - - T h e most common t y p e s of p r i m a r y 
s e d i m e n t a r y s t r u c t u r e s o b s e r v e d i n t h e f i e l d a r e t r o u g h and p l a n a r 
c r o s s - s t r a t i f i c a t i o n . Trough s t r u c t u r e s a r e p roduced by s c o u r i n g 
a c t i o n and s u b s e q u e n t i n - f i l l i n g . S e t s of t r o u g h c r o s s - s t r a t a r a n g e 
i n t h i c k n e s s from l e s s t h a n two c e n t i m e t e r s t o s l i g h t l y more t h a n one 
m e t e r . Based on t h e McKee and Weir (1953) c l a s s i f i c a t i o n , a l l t r o u g h 
a r e s m a l l - and m e d i u m - s c a l e . P l a n e r c r o s s - s t r a t i f i c a t i o n i s p r o b a b l y 
t h e p r o d u c t of m i g r a t i n g sand waves (McDowell , 1 9 6 0 ) . As w i t h t r o u g h 
p l a n a r c r o s s - s t r a t i f i c a t i o n i s s m a l l - and m e d i u m - s c a l e . Only one 
example of s i m p l e c r o s s - s t r a t i f i c a t i o n was o b s e r v e d . 
I n c l i n e d f o r s e t beds a r e a b u n d a n t . Two t y p e s a r e r e c o g n i z e d , 
t a n g e n t i a l and a v a l a n c h e . A v a l a n c h e f o r s e t s s u g g e s t a g r e a t e r r a t e 
of d e p o s i t i o n t h a n t a n g e n t i a l f o r s e t s . F o r s e t beds 
r a n g e i n h e i g h t from i n c h e s t o s e v e r a l f e e t . One e x a m p l e , a few 
hundred f e e t n o r t h of measured s e c t i o n SM-B, has a s e t of i n c l i n e d 
f o r s e t beds w i t h e s s e n t i a l l y h o r i z o n t a l boundary s u r f a c e s t h a t a r e 
10 f e e t a p a r t . 
H o r i z o n t a l S t r a t i f i c a t i o n . - - T h e number of o c c u r r e n c e s of 
h o r i z o n t a l s t r a t i f i c a t i o n i n t h e Dakota i s s u b o r d i n a t e o n l y t o t h e 
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c r o s s - s t r a t i f i e d s t r u c t u r e s . The o c c u r r e n c e of t h i s t y p e of 
s t r a t i f i c a t i o n , i n t e rms of i t s s t r a t i g r a p h i c p o s i t i o n w i t h i n channe l 
d e p o s i t s , s u g g e s t s t h a t i t i s s e n s i t i v e t o f low c o n d i t i o n s . For 
e x a m p l e , where t h e v e r t i c a l s e q u e n c e of s t r u c t u r e s can be obse rved 
and t h e l a t e r a l e x p o s u r e i s n o t e x t e n s i v e , h o r i z o n t a l s t r a t i f i c a t i o n 
i s u s u a l l y p r e s e n t i n t h e uppe r p o r t i o n of c h a n n e l s e q u e n c e s . When 
e x p o s u r e s a r e o b s e r v e d l a t e r a l l y , away from t h e main c h a n n e l , 
h o r i z o n t a l s t r a t i f i c a t i o n i s o f t e n t h e d o m i n a n t s t r u c t u r e as t h e 
c h a n n e l d e p o s i t s t h i n . H o r i z o n t a l s t r a t i f i c a t i o n i n t h e Dakota t e n d s 
t o p r e f e r e n t i a l l y d e v e l o p i n h i g h e r s t r a t i g r a p h i c p o r t i o n of t h e 
f l u v i a l c h a n n e l s . T h i s r e l a t i o n s h i p i n d i c a t e s t h a t i n t h e a n c i e n t 
Dakota c h a n n e l s , h o r i z o n t a l s t r a t i f i c a t i o n formed i n a r e l a t i v e l y 
na r row r a n g e of hydrodynamic p a r a m e t e r s . V a r i a t i o n i n t h e p o s i t i o n of 
h o r i z o n t a l s t r a t i f i c a t i o n does e x i s t , b u t a b u n d a n t f i e l d o b s e r v a t i o n s 
i n d i c a t e t h a t t h e p o s i t i o n of t h i s t y p e of s t r a t i f i c a t i o n i s 
r e a s o n a b l y c o n s i s t e n t . 
T h i c k n e s s e s of b e d d i n g p l a n e s r a n g e from a minimum of .0625 
i n c h e s t o a maximum of 1.5 i n c h e s . The m a j o r i t y a r e l a m i n a t i o n s 
(McKee and W e i r , 1 9 5 3 ) . T h i c k n e s s e s of s e t s v a r y from l e s s t h a n 1 
f o o t t o 2 1 . 5 f e e t . The l e n g t h of h o r i z o n t a l s t r a t i f i c a t i o n a l s o 
v a r i e s from l e s s t h a n 1 f o o t t o more t h a n 20 f e e t . Based on t h e 
McKee and Weir (1953) c l a s s i f i c a t i o n , s m a l l - , medium- and l a r g e - s c a l e 
examples a r e p r e s e n t . I t s h o u l d be no t ed t h a t s m a l l - s c a l e example s 
a r e r a r e , and medium- and l a r g e - s c a l e examples a r e common. 
Bedding P l a n e F e a t u r e s . - - B e d d i n g p l a n e f e a t u r e s i n c l u d e p r i m a r y 
c u r r e n t l i n e a t i o n m a r k s , s o l e m a r k s , and r i b - a n d - f u r r ow s t r u c t u r e . 
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C u r r e n t l i n e a t i o n marks a r e t h e most a b u n d a n t and a r e a s s o c i a t e d w i t h 
h o r i z o n t a l s t r a t i f i c a t i o n . S o l e marks and r f b - a n d - f u r r o w s t r u c t u r e s 
we re o b s e r v e d i n o n l y one l o c a l i t y . The s o l e marks were found u n d e r 
a l e d g e i n a p e b b l e c o n g l o m e r a t e where u n d e r l y i n g s h a l e beds had 
been e r o d e d away. The r i b - a n d - f u r r o w s t r u c t u r e was found on a p i e c e 
of Dakota f l o a t . 
R i p p l e Marks and R i p p l e C r o s s - L a m i n a t i o n . - - A s y m m e t r i c r i p p l e 
marks a r e r a r e i n t h e D a k o t a , b u t a r e p r e s e n t i n t h e u p p e r p o r t i o n s 
of some c h a n n e l s . A few s m a l l - s c a l e , a s y m m e t r i c , c u r r e n t - f o r m e d 
r i p p l e marks w e r e found in f i n e - g r a i n e d f l u v i a l s a n d s t o n e . L i k e w i s e , 
two e x c e p t i o n a l l y good e x p o s u r e s of w e l l d e v e l o p e d l i n q u o i d r i p p l e s 
were found a t t h e t o p of c h a n n e l s a t s e c t i o n SM-B. In a d d i t i o n t o 
r i p p l e marks a s a bedd ing p l a n e f e a t u r e , r i p p l e c r o s s - l a m i n a t i o n , 
o r f l a s e r b e d d i n g , i s a l s o p r e s e n t i n t h e u p p e r p o r t i o n s of some 
f l u v i a l c h a n n e l s . O c c u r r e n c e s of f l a s e r b e d d i n g a r e more common 
t h a n r i p p l e m a r k s . 
O t h e r T y p e s . - - S e v e r a l o t h e r t y p e s of s e d i m e n t a r y s t r u c t u r e s 
were a l s o r e c o g n i z e d . They i n c l u d e b i o g e n e t i c f e a t u r e s (worm t r a c k s ) , 
s k r i n k a g e c r a c k s , d i s t u r b e d b e d d i n g , o v e r t u r n e d beds and m a s s i v e 
b e d s . Al l b u t t h e m a s s i v e and o v e r t u r n e d beds a r e r a r e . The 
m a s s i v e beds c o n s t i t u t e s i z a b l e p o r t i o n s of a few c h a n n e l s . They 
were te rmed m a s s i v e i f s t r u c t u r e s were i n v i s i b l e o r t o o f a i n t t o be 
r e c o g n i z e d . P r o b a b l y most of t h e s e beds c o n t a i n some t y p e of 
s t r u c t u r e , p r o b a b l y p l a n a r c r o s s - s t r a t i f i c a t i o n o r h o r i z o n t a l 
s t r a t i f i c a t i o n . 
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V e r t i c a l S t r u c t u r e P r o f i l e 
Dakota c h a n n e l d e p o s i t s show a r e c u r r i n g s e q u e n c e of s e d i m e n t a r y 
s t r u c t u r e s ( f i g u r e 9 ) . Ascend ing upward from t h e b a s e of t h e 
c h a n n e l s , t h i s s e q u e n c e b e g i n s w i t h channe l l a g d e p o s i t s , which 
u s u a l l y have no s t r u c t u r e . Above t h e channe l l a g d e p o s i t s , i n 
a s c e n d i n g o r d e r , a r e t r o u g h c r o s s - s t r a t i f i c a t i o n , p l a n a r c r o s s -
s t r a t i f i c a t i o n , h o r i z o n t a l l a m i n a t i o n and r i p p l e c r o s s - l a m i n a t i o n 
( n o t a lways p r e s e n t ) . T h i s s e q u e n c e compares w e l l w i t h s t u d i e s of 
p o i n t b a r s e q u e n c e s by B e r n a r d and Major (1963) and V i s h e r ( 1 9 6 5 ) . 
T h i s i n t e r p r e t a t i o n i s s t r e n g t h e n e d w i t h s t u d i e s by A l l e n , 1 9 6 4 , 
1 9 6 5 , 1970 ; A l l e n and F r i e n d , 1 9 6 8 ; F r a z i e r and O s a n i k , 1 9 6 1 ; 
F r i e n d , 1 9 6 5 ; Harms, 1 9 6 3 . 
Channe l s of p o s s i b l e a l l u v i a l c o a s t a l p l a i n d e p o s i t i o n do n o t 
f i t t h i s scheme as w e l l as d e p o s i t s of l a r g e m e a n d e r i n g s t r e a m s . 
The main d i f f e r e n c e i s t h a t t r o u g h c r o s s - s t r a t i f i c a t i o n i s l e s s 
a b u n d a n t i n t h e fo rmer c a s e . A more common s e q u e n c e , a s numbered i n 
f i g u r e 9 , i s 5 - 3 - 2 - 1 . Whatever t h e s e q u e n c e i s , h o w e v e r , a s c e n d i n g 
s t r u c t u r e s a lways i n d i c a t e a d e c r e a s e i n f low i n t e n s i t y . As a l r e a d y 
i n d i c a t e d , no two c h a n n e l s a r e e x a c t l y a l i k e , which r e f l e c t s t h e 
v a r i a b i l i t y of t h e b a s i c s t r e a m p a r a m e t e r s of c h a n n e l d e p t h , w i d t h , 
and f low v e l o c i t y . 
The t h i c k n e s s e s of s e t s of s e d i m e n t a r y s t r u c t u r e s (McKee and 
W e i r , 1953) were o b s e r v e d q u a l i t a t i v e l y t h r o u g h o u t t h e s t u d y a r e a . 
Ascend ing s e t s of t r o u g h and p l a n a r c r o s s - s t r a t i f i c a t i o n d e c r e a s e i n 
t h i c k n e s s w i t h i n a s i n g l e c h a n n e l . H o r i z o n t a l s t r a t i f i c a t i o n i s 
l e s s c o n s i s t e n t . At one p a r t i c u l a r l y w e l l exposed c h a n n e l a t 
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GENERALIZED POINT BAR SEQUENCES 
BERNARD & MAJOR (1963) VISHER (1965) DAKOTA FORMATION - N. E. UTAH 
1. Small r i p p l e c r o s s -
s t r a t i f i c a t i o n ( o r s m a l l -
s c a l e ) 
2 . H o r i z o n t a l l a m i n a t i o n 
3 . G i a n t r i p p l e c r o s s -
s t r a t i f i c a t i o n ( o r 
m e d i u m - s c a l e ) 
4 . Poor b e d d i n g 
1 . R i p p l e c r o s s -
s t r a t i f i c a t i o n zone 
2 . H o r i z o n t a l l a m i n a t e d zone 
f i n e sand & s i l t 
3 . F e s t o o n o r p l a n e r 
s t r a t i 
3 . Fe s toon o r p l a n a r 
s t r a t i f i c a t i o n ; we l l 
s o r t e d 
4 . Basa l z o n e ; p o o r l y 
s t r a t i f i e d 
I 
1 . R i p p l e c r o s s -
s t r a t i f i c a t i o n 
2 . H o r i z o n t a l l a m i n a t i o n 
3 . P l a n a r c r o s s - s t r a t i f i c a t i o n 
4 . Trough c r o s s - s t r a t i f i c a t i o n 
5 . Basa l z o n e ; p o o r l y s o r t e d ; 
r e d c o l o r 
F i g . 9 
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SM-C, t h e t h i c k n e s s e s of c o s e t s were examined and checked f o r a 
v e r t i c a l t r e n d . As s e e n from f i g u r e 1 0 , t h e c o s e t s t h i n upward a s 
do t h e s e t s . 
F l u v i a l C y c l e s 
One of t h e d i a g n o s t i c f e a t u r e s of t h e channe l f a c i e s i s t h e 
r e p e t i t i o n of beds i n d i c a t i n g e p i s o d e s of f l u v i a l d e p o s i t i o n . 
T h i s i m p a r t s a c y c l i c n a t u r e t o channe l f a c i e s o u t c r o p s . I t i s 
c o n v e n i e n t , t h e r e f o r e , t o d e s c r i b e such d e p o s i t i o n i n t e r m s of 
c y c l e s . Each c y c l e r e p r e s e n t s a d i n g l e e p i s o d e of f l u v i a l d e p o s i t i o n , 
and i s bounded above and below by a s u r f a c e of e r o s i o n be tween which 
s e d i m e n t s were c o n t i n u o u s l y d e p o s i t e d . A c y c l y can be composed of 
o n l y c h a n n e l d e p o s i t s . Such c y c l e s a r e d i a g n o s t i c of c h a n n e l f a c i e s 
o u t c r o p s t h a t have h i g h s a n d / s h a l e r a t i o s . Cyc les can a l s o have 
bo th c h a n n e l and ove rbank d e p o s i t s , a c h a r a c t e r i s t i c of o u t c r o p s w i t h 
low s a n d / s h a l e r a t i o s ( A l l e n , 1964 ; A l l e n and F r i e n d , 1 9 6 8 ) . 
C y c l e T h i c k n e s s e s . - - C y c l e t h i c k n e s s e s were measured and p l o t t e d 
on g r a p h s ( f i g u r e 1 1 ) . T h i c k n e s s e s i n c l u d e both c h a n n e l f a c i e s and 
o v e r b a n k f a c i e s where p r e s e n t . Only c y c l e s in which u p p e r and l o w e r 
b o u n d a r i e s were o b s e r v e d were u t i l i z e d i n t h e p l o t s . F i g u r e 11 shows 
t h e r e s u l t s of c y c l e m e a s u r e m e n t s f o r t h r e e channe l f a c i e s o u t c r o p s 
w i t h h igh s a n d / s h a l e r a t i o s . In each c a s e t h e t h i c k e s t c y c l e i s a t 
t h e b a s e of t h e o u t c r o p . P r o c e e d i n g u p w a r d s , t h e c y c l e s d e c r e a s e i n 
t h i c k n e s s , r e a c h a minimum, and t h e n i n c r e a s e i n t h i c k n e s s . C y c l e 
t h i c k n e s s e s i n c h a n n e l f a c i e s o u t c r o p s of low s a n d / s h a l e r a t i o do 
n o t show a c o n s i s t e n t p a t t e r n . However, i n v e s t i g a t i o n of more 
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C Y C L E S T A F O R M A T I O 
L o c a t i o n : S p l i t Mtn 
S e c t i o n B 
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e x p o s u r e s i s needed t o c o n f i r m t h i s o b s e r v a t i o n . 
I n t e r c y c l e C o s e t T h i c k n e s s e s . - - C o s e t t h i c k n e s s e s w i t h i n v e r t i c a l l y 
a d j a c e n t c y c l e s were measured t o examine t h i c k n e s s t r e n d s a c r o s s 
c y c l e b o u n d a r i e s and t o d e t e r m i n e t h e r e l a t i o n s h i p be tween c o s e t 
t h i c k n e s s e s and c o r r e s p o n d i n g c y c l e t h i c k n e s s e s . S e c t i o n s a t S t e i n a k e r 
Draw (S) and one on t h e n o r t h s i d e of S p l i t Mounta in (SM-D) show 
c o s e t t h i c k n e s s e s t h a t d e c r e a s e upwards bo th w i t h i n t h e i r r e s p e c t i v e 
c y c l e s and a c r o s s t h e c y c l e b o u n d a r i e s as we l l ( f i g u r e 1 2 ) . At 
s e c t i o n QA, howeve r , no such p a t t e r n e x i s t s . 
In a d d i t i o n t o t h e d e t e r m i n a t i o n of i n d i v i d u a l c o s e t t h i c k n e s s e s , 
t h e mean c o s e t t h i c k n e s s w i t h i n each c y c l e was a l s o d e t e r m i n e d and 
compared t o i t s c y c l e t h i c k n e s s . T h i s c o m p a r i s o n of mean c o s e t 
t h i c k n e s s e s and c y c l e t h i c k n e s s e s was found t o be e s s e n t i a l l y a 
d i r e c t r e l a t i o n s h i p , which s u g g e s t s t h a t a s t h e s t r e a m c h a n n e l s 
d e c r e a s e i n s i z e t h e s t r u c t u r e s w i t h i n t h e c h a n n e l d e p o s i t s a l s o 
d e c r e a s e p r o p o r t i o n a l l y in s i z e . A l though n o t so o b v i o u s , t h i s same 
r e l a t i o n s h i p e x i s t s f o r s e c t i o n QA. Cyc le 3 i s t h e t h i n n e s t c y c l e 
and a l s o has t h e l e a s t mean c o s e t t h i c k n e s s . T h i c k e r c y c l e s , such 
a s 1 , 2 , 5 and 6 , have l a r g e r mean c o s e t t h i c k n e s s e s . 
W e a t h e r i n g . - - A d i s t i n c t i v e w e a t h e r i n g p a t t e r n i s u s e f u l f o r 
r e c o g n i z i n g u p p e r and l o w e r b o u n d a r i e s of c y c l e s . T h i s i s e s p e c ­
i a l l y h e l p f u l i n s t u d y i n g o u t c r o p s t h a t have l i t t l e o r no o v e r b a n k 
f a c i e s . The channe l l a g d e p o s i t s a t t h e b a s e of e ach c y c l e a r e 
n o t a s r e s i s t a n t t o w e a t h e r i n g as t h e f i n e r g r a i n e d s a n d s t o n e and 
commonly form c o n s p i c u o u s l e d g e s o r i n d e n t a t i o n s i n o u t c r o p s , 
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I N T E R C Y C L E T H I C K N E S S E S O F C O S E T S : D A K O T A F O R M A T I O N 
L O C A T I O N : S 
COSET THICKNESStft) 
10 15 20 25 
T 
Mean coset thickness 
cycle 2 = 3 . 7 ft. 
cycle 1 = 8 . 1 ft. 
LOCATION^ S M - D 
COSET THICKNESS(ft) 
L O C A T I O N : QA 
COSET THICKNESS (ft) 
Mean coset thickness 
cycle 2 = 1.9 ft. 
cycle 1 = 5.3 ft. 
Mean coset thickness 
cycle 6 = 6.0 ft. 
cycle 5 = 5.5 ft. 
cycle 4 = 4.0 ft. 
cycle 3 = 2.5 ft. 
cycle 2 = 6.5 ft. 
cycle 1 =6.1 ft. 
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t h e r e b y , mark ing t h e v e r t i c a l l i m i t s of each c y c l e . R a r e l y , c h a n n e l 
l a g d e p o s i t s a r e a b s e n t and o t h e r methods of d e s c r i b i n g b o u n d a r y 
l o c a t i o n s were u s e d . One of t h e s e mehtods i n v o l v e d c o l o r c h a n g e s . 
C o l o r . - - C o l o r c h a n g e s i n t h e c h a n n e l s a n d s t o n e f r e q u e n t l y a r e 
c y c l i c . The e a s i l y w e a t h e r e d c h a n n e l l a g d e p o s i t s g e n e r a l l y a r e 
r e d d i s h - b r o w n . The s a n d s t o n e above t h e channe l l a g d e p o s i t s i s 
w h i t e , b u f f and l i g h t brown. White s a n d s t o n e , when p r e s e n t , i s 
a lways found a t t h e t o p of c h a n n e l s and i s , t h e r e f o r e , h e l p f u l i n 
d e l i m i t i n g t h e u p p e r b o u n d a r i e s of c y c l e s . The w h i t e c o l o r a t i o n i s 
r e l a t e d t o l a r g e amounts of c l a y m a t r i x (25%) . A l s o , w h i t e s a n d s t o n e 
w e a t h e r s t o s m o o t h , rounded s u r f a c e s . 
thereby, marking the vertical limits of each cycle. Rarely, channel 
lag deposits are absent and other methods of describing boundary 
locations were used. One of these mehtods involved color changes. 
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TEXTURE 
The t e x t u r a l p a r a m e t e r s g r a i n s i z e , s o r t i n g , g r a i n morpho logy 
and m a t u r i t y were s t u d i e d t o d e t e r m i n e what t e x t u r a l f e a t u r e s a r e 
c h a r a c t e r i s i t i c of t h e D a k o t a , t o examine v e r t i c a l c h a n g e s i n g r a i n 
s i z e , and t o s e e i f any a r e u s e f u l i n i n t e r p r e t i n g t h e d e p o s i t i o n a l 
e n v i r o n m e n t . 
G r a i n S i z e 
A t o t a l of 150 hand samples was e v a l u a t e d f o r g r a i n s i z e w i t h 
t h e a i d of a b i n o c u l a r m i c r o s c o p e . G r a i n s from each sample were 
compared w i t h sand s ample s of known g r a i n s i z e and c l a s s i f i e d a c c o r d ­
ing t o Wentworth ( 1 9 2 2 ) . Unimodal s a n d s t o n e and s i l t s t o n e a c c o u n t s 
f o r 8 3 . 3 p e r c e n t of a l l s a m p l e s . N i n t y - s i x p e r c e n t of t h e unimodal 
s a m p l e s r a n g e s from v e r y f i n e t o m e d i u m - g r a i n e d . Bimodal s a n d s t o n e , 
s i l t s t o n e , p e b b l y s a n d s t o n e and c o n g l o m e r a t e r e p r e s e n t t h e r e m a i n i n g 
1 6 . 7 p e r c e n t of a l l s a m p l e s . 
Because of t h e abundance of unimodal s a n d s t o n e and s i l t s t o n e i n 
t h e D a k o t a , a c o n c e n t r a t e d e f f o r t was made t o d e t e r m i n e and e v a l u a t e 
g r a i n s i z e v a r i a t i o n of unimodal s a m p l e s . Such s a m p l e s a r e u s e f u l 
i n t h i s t y p e of s t u d y b e c a u s e t h e y can be r a p i d l y c l a s s i f i e d by 
g r a i n s i z e . Where p o s s i b l e , s amp le s were c l a s s i f i e d w i t h g r a i n 
s i z e c a t e g o r i e s ( t a b l e 1 ) . Some s a m p l e s , howeve r , c o u l d n o t be 
d e f i n i t e l y p l a c e d w i t h g r a i n s i z e b o u n d a r i e s even though a l l of them 
a r e we l l t o v e r y w e l l s o r t e d . These s a m p l e s were n o t e d and p l a c e d a t 
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TABLE 1 : Unimodal s i l t s t o n e and s a n d s t o n e 
o c c u r a n c e s w i t h i n g r a i n s i z e b o u n d a r i e s * 
L o c a t i o n S i l t Very F i n e F i n e Medium C o a r s e No. of 
Samples 
SM-A 1 6 1 8 
SM-B - 1 9 5 - 15 
Meander ing SM-C - - 7 6 - 13 
S t ream SM-D - - 9 2 - 11 
D e p o s i t s QA - - 7 3 - 10 
S - 2 7 3 - 12 
M 1 1 5 2 - 9 
F 1 1 7 1 - 10 
A l l u v i a l 
P l a i n S t ream DC 1 2 2 1 - 6 
D e p o s i t s C - 1 2 - 1 4 
Overbank 
D e p o s i t s GM - 2 4 1 - 7 
*A11 sample s we l l t o v e r y - w e l l s o r t e d 
TABLE 2 : Unimodal s i l t s t o n e and s a n d s t o n e 
o c c u r a n c e s a t g r a i n s i z e b o u n d a r i e s * 




Meandering SM-C *» m 
Stream SM-D «™ 3 3 
D e p o s i t s QA -
S 
- - 2 2 
M - - 2 2 
F 1 1 2 
A l l u v i a l • 
P l a i n S t ream DC 1 1 
D e p o s i t s C 1 3 1 5 
Overbank 
D e p o s i t s GM 
- 3 2 5 
*A11 samples we l l t o v e r y - w e l l s o r t e d 
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TABLE 3 : T o t a l unimodal s i l t s t o n e and s a n d s t o n e g r a i n s i z e f r e q u e n c y 
• 
L o c a t i o n S i l t Very F i n e F i n e Medium C o a r s e No. of 
Samples 
SM-A mm 1 6 1 m mm 8 
SM-B - - 1 9 - 5 - - 15 
SM-C - - - 7 - 6 - - 13 
SM-D - - - 9 3 2 - - 14 
Meander ing S t r eam QA - - - ' 7 - 3 - - 10 
D e p o s i t s S - - 2 7 2 3 - - 14 
M 1 - 1 5 2 2 - - 11 
F 1 - 1 1 7 1 1 - - 12 
T o t a l 2 0 6 1 57 8 23 0 0 97 
P e r c e n t 2 . 0 0 6 . 2 1.0 5 8 . 8 8 . 2 2 3 . 7 0 0 
DC 1 _ 2 2 1 1 _ _ 7 
A l l u v i a l P l a i n C - 1 1 3 2 1 - - 1 9 
S t r e a m D e p o s i t s T o t a l 1 1 3 3 4 2 1 0 1 T 6 
P e r c e n t 6 . 2 5 6 . 2 5 1 8 . 7 5 1 8 . 7 5 2 5 . 0 1 2 . 5 6 . 2 5 0 6 . 2 5 
GM _ _ 2 3 4 2 1 _ _ 12 
Overbank D e p o s i t s T o t a l 0 0 2 3 4 2 1 0 0 12 
P e r c e n t 0 0 1 6 . 6 2 5 . 0 3 3 . 3 1 6 . 6 8 . 3 0 0 
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t h e a p p r o p r i a t e g r a i n s i z e boundary ( t a b l e 2 ) . The r e s u l t s of t a b l e s 
1 and 2 a r e summarized in t a b l e 3 . 
Samples were grouped and compared f o r t h e t h r e e t y p e s of f l u v i a l 
d e p o s i t s : l a r g e m e a n d e r i n g s t r e a m d e p o s i t s , a l l u v i a l p l a i n s t r e a m 
d e p o s i t s , and ove rbank d e p o s i t s . The r e s u l t s a r e l i s t e d b e l o w . 
P e r c e n t Samples Ranging from F i n e t o Medium G r a i n 
l a r g e m e a n d e r i n g s t r e a m d e p o s i t s - - - 90.7% 
a l l u v i a l p l a i n s t r e a m d e p o s i t s - - - - 43.75% 
ove rbank d e p o s i t s - - - - - - - - - - 58.2% 
P e r c e n t Samples Ranging from Very F ine t o F i n e G r a i n 
l a r g e m e a n d e r i n g s t r e a m d e p o s i t s - - - 66,0% 
a l l u v i a l p l a i n s t r e a m d e p o s i t s - - - - 62.5% 
ove rbank d e p o s i t s - - - - - - - - - - 74.9% 
P e r c e n t Samples E x c l u d i n g F i n e - Gra ined Samples 
g r e a t e r t h a n 
f i n e - g r a i n 
l e s s t h a n 
f i n e - g r a i n 
l a r g e m e a n d e r i n g s t r e a m d e p o s i t s 
a l l u v i a l p l a i n s t r e a m d e p o s i t s 







R a t i o of Very F i n e t o Medium - Gra ined Samples 
l a r g e meande r ing s t r e a m d e p o s i t s - - - 1 / 3 . 8 
a l l u v i a l p l a i n s t r e a m d e p o s i t s - - - - 3 /1 
ove rbank d e p o s i t s - - - - - - - - - - 2 /1 
P e r c e n t F i n e - Gra ined Samples Only 
l a r g e meande r ing s t r e a m d e p o s i t s - - - 58.8% 
a l l u v i a l p l a i n s t r e a m d e p o s i t s - - - - 25.0% 
overbank d e p o s i t s - - - - - - - - - - - 33 .3% 
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On t h e b a s i s of g r a i n s i z e , c e r t a i n c o m p a r i s o n s a p p a r e n t l y a r e 
u s e f u l i n r e c o g n i z i n g l a r g e m e a n d e r i n g s t r e a m d e p o s i t s as compared wi 
a l l u v i a l p l a i n s t r e a m d e p o s i t s and ove rbank d e p o s i t s . The l a t t e r 
two t y p e s , howeve r , a r e s i m i l a r i n each c o m p a r i s o n a n d , t h e r e f o r e , 
i t i s n o t p o s s i b l e t o d i s t i n g u i s h them from each o t h e r by g r a i n s i z e 
c o m p a r i s o n s . The most s i g n i f i c a n t g r a i n s i z e c o m p a r i s o n s f o r d i f f e r ­
e n t i a t i n g l a r g e m e a n d e r i n g s t r e a m d e p o s i t s from t h e o t h e r two f l u v i a l 
d e p o s i t s a r e : 
a . p e r c e n t unimodal s amp le s r a n g i n g from f i n e - t o medium -
g r a i n e d ; 
b . p e r c e n t unimodal s amp le s l e s s t h a n f i n e g r a i n s i z e ; 
c . r a t i o of v e r y f i n e t o medium - g r a i n e d unimodal s a m p l e s ; 
d . p e r c e n t unimodal f i n e - g r a i n e d s a m p l e s o n l y . 
Less s i g n i f i c a n t g r a i n s i z e c o m p a r i s o n s a r e : 
a . p e r c e n t unimodal s amp le s r a n g i n g from v e r y f i n e t o 
f i n e g r a i n e d ; 
b . p e r c e n t unimodal s amp le s g r e a t e r t h a n f i n e g r a i n e d . 
F i g u r e 13 i s a f r e q u e n c y p r o f i l e c h a r t of g r a i n s i z e s f o r e ach 
of t h e t h r e e t y p e s . The l a r g e m e a n d e r i n g s t r e a m d e p o s i t s a r e 
c h a r a c t e r i z e d by a l i m i t e d r a n g e of p r e f e r r e d g r a i n s i z e s c e n t e r i n g 
a round f i n e - g r a i n e d m a t e r i a l . The a l l u v i a l p l a i n s t r e a m d e p o s i t s 
and o v e r b a n k d e p o s i t s a r e a l s o domina t ed by f i n e - g r a i n e d m a t e r i a l , 
b u t l e s s d r a s t i c a l l y s o . 
A v e r t i c a l g r a i n s i z e p r o f i l e c h a r t was made of t h e l a r g e 
m e a n d e r i n g s t r e a m d e p o s i t s and compared w i t h an i d e a l i z e d g r a i n s i z e 
p r o f i l e c h a r t ( S e l l e y , 1972) f o r m e a n d e r i n g s t r e a m s . The c h a r t 
i n d i c a t e s t h e r e p e t i t i o n of c h a n n e l c o n d i t i o n s a t t h e s e l o c a t i o n s . 
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The f i n i n g - u p w a r d of g r a i n s i z e s w i t h i n each c y c l e i s i n d i c a t i v e of 
p o i n t b a r d e p o s i t s i n which l a t e r i a l a c c r e t i o n was t h e mode of 
d e p o s i t i o n . The f i n i n g - u p w a r d s e q u e n c e s a l s o i n d i c a t e d e c r e a s i n g 
f l o w i n t e n s i t i e s upward w i t h i n each c y c l e ( f i g u r e 1 4 ) . 
As p r e v i o u s l y n o t e d , bimodal s amp le s a c c o u n t f o r a sma l l p o r t i o n 
o f t h e s a m p l e s . Most a r e p e b b l y s a n d s t o n e and c o n g l o m e r a t e and 
r e p r e s e n t c h a n n e l l a g d e p o s i t s . 
m e a n d e r i n g s t r e a m s 
S o r t i n g 
A t o t a l of 138 s a n d s t o n e and s i l t s t o n e s a m p l e s was examined 
u n d e r a b i n o c u l a r m i c r o s c o p e t o d e t e r m i n e s o r t i n g . Each s ample was 
c l a s s i f i e d by v i s u a l compar i son w i t h a s o r t i n g c h a r t (Compton, 1 9 6 2 , 
p . 2 1 4 ) . The d e g r e e of s o r t i n g f o r mos t s a m p l e s can be r e a d i l y 
c l a s s i f i e d . Some s a m p l e s , however , a p p a r e n t l y have i n t e r m e d i a t e 
The fining-upward of grain sizes within each cycle is indicative of 
point bar deposits in which laterial accretion was the mode of 
deposition. The fining-upward sequences also indicate decreasing 
flow intensities upward within each cycle (figure 14). 
As previously noted, bimodal samples account for a small portion 
of the samples. Most are pebbly sandstone and conglomerate and 
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Fig. 13 -- Frequency profile chart of grain sizes 
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d e g r e e s of s o r t i n g and a r e so c l a s s e d . The r e s u l t s a r e p r e s e n t e d 
i n t a b l e 4 . 
D e g r e e s of s o r t i n g r a n g i n g from w e l l t o v e r y v/ell a r e d o m i n a n t 
and a c c o u n t f o r 81.8% of a l l s a m p l e s . The s i n g l e most common s o r t i n g 
c a t e g o r y i s we l l s o r t e d and 39.8% of a l l s amp le s f a l l i n t h i s c l a s s . 
Samples r a n g i n g from v e r y wel l t o we l l s o r t e d p l u s v e r y p o o r l y s o r t e d 
s a m p l e s t o t a l 89.7% of a l l t h e s a m p l e s . I n s t a n c e s of s o r t i n g be tween 
w e l l and v e r y p o o r l y s o r t e d m a t e r i a l a r e much l e s s common ( 9 . 4 % ) . 
C o n t r a r y t o g r a i n s i z e , s o r t i n g d o e s n o t a p p e a r t o be a r e l i a b l e 
i n d i c a t o r by which t o d i f f e r e n t i a t e t h e t h r e e f l u v i a l t y p e s of 
d e p o s i t s . S l i g h t d i f f e r e n c e s a r e p r e s e n t , such a s t h e r e l a t i v e l y 
l i m i t e d r a n g e s of d e g r e e s of s o r t i n g f o r a l l u v i a l p l a i n s t r e a m s a m p l e s 
and t h e dominance of v e r y w e l l s o r t e d s a m p l e s i n ove rbank s a n d s t o n e . 
These d i f f e r e n c e s , however , a r e n o t c o n s i d e r e d s i g n i f i c a n t b e c a u s e 
t h e a c c u r a c y of v i s u a l e s t i m a t e s of s o r t i n g i s l i m i t e d . A l s o , t h e 
m a g n i t u d e and number of d i f f e r e n c e s i s s m a l l . F i g u r e 15 i l l u s t r a t e s 
t h e c l o s e s i m i l a r i t i e s of t h e d i f f e r e n t f l u v i a l d e p o s i t s . 
G r a i n Morphology 
R o u n d n e s s . - - R o u n d n e s s f o r sand and c o a r s e s i l t - s i z e d g r a i n s was 
d e t e r m i n e d f o r each sample by compar ing g r a i n s t o P o w e r s ' 1953 r o u n d ­
n e s s s c a l e w i t h a b i n o c u l a r m i c r o s c o p e . Al l s a m p l e s from e a c h l o c a t i o n 
were compared and checked f o r a d o m i n a n t n a t u r a l g r o u p i n g . The r e s u l t s 
a r e shown i n f i g u r e 16 . The p e r c e n t v a l u e s i n t h e f i g u r e i n d i c a t e 
t h e p e r c e n t of t h e s ample s a t t h a t l o c a t i o n t h a t e s t a b l i s h t h e 
d o m i n a n t r a n g e of r o u n d i n g a s shown. 
degrees of sorting and are so classed. The results are presented 
in table 4. 
Degrees of sorting ranging from well to very \'/ell are dominant 
and account for 81.8% of all samples. The single most common sorting 
category is \'/ell sorted and 39.8% of all samples fall in this class. 
Samples ranging from very well to \'/ell sorted plus very poorly sorted 
samples total 89.7% of all the samples. Instances of sorting between 
well and very poorly sorted material are much less common (9.4%). 
Contrary to grain size, sorting does not appear to be a reliable 
indicator by which to differentiate the three fluvial types of 
deposits. Slight differences are present, such as the relatively 
limited ranges of degrees of sorting for alluvial plain stream samples 
and the dominance of very \vell sorted samples in overbank sandstone. 
These differences, however, are not considered significant because 
the accuracy of visual estimates of sorting is limited. Also, the 
magnitude and number of differences is small. Figure 15 illustrates 
the close similarities of the different fluvial deposits. 
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TABLE 4 : S o r t i n g 
L o c a t i o n Very-Wel l Well M o d e r a t e P o o r l y Very P o o r l y No. of 
Samples 
Meander ing S t r e a m 
D e p o s i t s 
A l l u v i a l P l a i n 
S t r e a m D e p o s i t s 
Overbank D e p o s i t s 
SM-A 1 - 6 •- 1 - - - 1 9 
SM-B 3 4 4 - 2 1 - 1 1 16 
SM-C 1 6 5 - - - - 1 - 13 
SM-D 1 3 9 - 1 - - - - 14 
QA 3 - 4 2 - - 1 - 3 13 
S 3 2 8 - 1 - - 2 16 
M 5 1 4 1 1 - - - 1 13 
F 5 3 3 0 0 0 0 0 0 11 
T o t a l 22 19 43 3 6 1 1 2 8 105 
P e r c e n t 2 0 . 9 1 8 . 0 4 0 . 9 2 . 8 5 . 7 0 . 9 5 0 . 9 5 1.9 7 .6 
DC 2 1 3 _ _ _ _ 1 7 
C 3 1 5 - - - - - 1 10 
T o t a l 5 2 8 0 0 0 0 0 2 17 
P e r c e n t 2 9 . 4 1 1 . 7 4 7 . 0 0 0 0 0 0 1 1 . 7 
GM 5 2 4 1 2 _ _ 1 1 16 
T o t a l 5 2 4 1 2 - - 1 1 * T 6 ~ 
P e r c e n t 3 1 . 2 5 1 2 . 5 2 5 . 0 6 . 2 5 1 2 . 5 0 0 6 . 2 5 6 . 2 5 
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C e r t a i n d i f f e r e n c e s a p p a r e n t l y a r e p r e s e n t between t h e t h r e e 
f l u v i a l t y p e s . La rge m e a n d e r i n g s t r e a m d e p o s i t s a r e d o m i n a t e d by 
g r a i n r o u n d n e s s e s r a n g i n g from s u b a n g u l a r t o subrounded and 8 3 . 0 5 % 
of t h e s e s a m p l e s a r e w i t h i n t h e r a n g e of s u b a n g u l a r t o r o u n d e d . 
A l l u v i a l p l a i n s t r e a m d e p o s i t s t e n d t o be l e s s r o u n d e d . L o c a t i o n s DC 
and C t o g e t h e r have 90% of t h e i r s a m p l e s w i t h i n t he r o u n d n e s s r a n g e 
of a n g u l a r t o s u b r o u n d e d . The mos t d i s t i n c t i v e s u i t e of s a m p l e s , i n 











a l l u v i a l p l a i n s t r e a m s 
\* o v e r b a n k 
i r 
we l l we l l 
m e a n d e r i n g s t r e a m s 
m o d e r a t e p o o r l y v e r y p o o r l y 
S o r t i n g 
F i g . 15 F r e q u e n c y p r o f i l e c h a r t of s o r t i n g v a l u e s 
Almost e v e r y sample has a wide r a n g e of r o u n d n e s s v a l u e s r e l a t i v e t o 
s a m p l e s a t o t h e r l o c a t i o n s . As a r e s u l t , t h e t endency f o r g r a i n s 
t o g r o u p t h e m s e l v e s i n t e r m s of r o u n d i n g i s weaker t h a n a t o t h e r 
l o c a t i o n s . Of a l l s amp le s a t GM, 82.4% r a n g e from v e r y a n g u l a r t o 
s u b r o u n d e d , a much l a r g e r r a n g e t h a n f o r s i m i l a r p e r c e n t a g e s i n t h e 
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GRAIN ROUNDNESS 



















F i g . 16 - - Dominant g r o u p i n g s of g r a i n r o u n d n e s s 
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. i    roun ss
G r a i n S u r f a c e s . - - S u r f a c e t e x t u r e s of q u a r t z g r a i n s were examined 
unde r a b i n o c u l a r m i c r o s c o p e . G r a i n s from each sample were o b s e r v e d 
u n d e r h igh i n t e n s i t y l i g h t on a b l a c k b a c k g r o u n d . V i r t u a l l y e v e r y 
sample c o n t a i n s a b u n d a n t f r o s t e d q u a r t z g r a i n s ; i n d e e d , mos t s a m p l e s 
a r e domina t ed by such g r a i n s . A l t h o u g h no q u a n t i t a t i v e s t u d i e s were 
made , t h e l a r g e r and b e t t e r rounded s a n d - s i z e d g r a i n s a r e more o f t e n 
f r o s t e d t h a n a r e t h e more a n g u l a r g r a i n s a t t h e l ower l i m i t of s a n d -
s i z e d m a t e r i a l . Spo t c h e c k s were made t o s e e i f t h e f r o s t i n g was 
t h e r e s u l t of c o a t i n g by c a l c i u m c a r b o n a t e . T h i s i n v o l v e d d r o p p i n g 
warm HC1 on t h e g r a i n s , d i s s o l v i n g t h e c a r b o n a t e , and t h e n a l l o w i n g 
them t o d r y . The r e s u l t s were n e g a t i v e i n each c a s e . 
O t h e r q u a r t z g r a i n s a r e " s p a r k l y " i n a p p e a r a n c e . These g r a i n s 
have f l a t , smooth s u r f a c e s a s a r e s u l t of s i l i c a o v e r g r o w t h s . T h e i r 
o c c u r a n c e i s l i m i t e d , however , and i s i m p o r t a n t a t o n l y two l o c a t i o n s , 
s e c t i o n s GM and DC. 
T e x t u r a l M a t u r i t y 
F i f t y t h i n - s e c t i o n s were s t u d i e d t o d e t e r m i n e t h e t e x t u r a l 
m a t u r i t y of t h e Dakota s e d i m e n t s . D e t e r m i n a t i o n s were made a c c o r d i n g 
t o a method p r e p a r e d by Folk ( 1 9 6 8 , p . 1 0 2 - 1 0 3 ) . E f f e c t s of d i a g e n e s i s 
such a s t h e f o r m a t i o n of a u t h i g e n i c c l a y m i n e r a l s and q u a r t z o v e r ­
g r o w t h s , were c a r e f u l l y d i s c o u n t e d . S a n d s t o n e and s i l t s t o n e i s 
d o m i n a n t ! y m a t u r e a s d e t e r m i n e d by l e s s t h a n 5 p e r c e n t d e t r i t a l 
c l a y , s u b a n g u l a r t o v e r y a n g u l a r g r a i n s , and b e i n g we l l s o r t e d o r 
b e t t e r . L e s s e r amounts of s a n d s t o n e and s i l t s t o n e a r e s u b m a t u r e 
and s u p e r m a t u r e . 
 . rface     
;'  l  i  'i   
      i l  
      
 i    ti   
       ofte
         it  sa
 t ri     "if  VI
 lt      r i
l     t , llo i
  vl   .
  ' i   Iis r    he~; tai
   lt    
    t   loc tio ,
   
 ~1atL!
 ·-secti  It,     te t
t d    . t  i t  \\' r- acc f i
42 
   ts  dia , 
       -
 ll     is
i tl       E:rce  d it l
 l      \\I l  
      1 t t   submatuY'
s r .
O c c a s i o n a l t e x t u r a l i n v e r s i o n s were found by examin ing t h i n -
s e c t i o n s of c h a n n e l l a g d e p o s i t s . These i n v e r t e d s a m p l e s c o n t a i n 
r o u n d e d , p o o r l y - s o r t e d g r a i n s i n a c l a y m a t r i x . The c l a y m a t e r i a l 
of t h e c h a n n e l l a g d e p o s i t s p r e s u m a b l y came from l a t e r a l e r o s i o n of 
s t r e a m b a n k s . One o t h e r c a s e of t e x t u r a l i n v e r s i o n i s r e p r e s e n t e d 
by an o v e r b a n k s a n d s t o n e a t s e c t i o n GM. In t h i s c a s e , we l l s o r t e d 
b u t n o t we l l rounded g r a i n s were d e p o s i t e d as a c l a y m a t r i x . T h i s 
s amp le a l s o has a l m o s t no p o r o s i t y . T h i s t y p e of i n v e r s i o n i n t h e 
ove rbank s e t t i n g i n d i c a t e s t h e h i g h e n e r g y c o n d i t i o n s a s s o c i a t e d w i t h 
f l o o d i n g . I r o n i c a l l y , o t h e r o v e r b a n k m a t e r i a l d o e s n o t show t e x t u r a l 
i n v e r s i o n , which s u g g e s t s t h a t ove rbank m a t e r i a l can be we l l s o r t e d 
and n o t r e s u l t s o l e l y from v e r t i c a l a c c r e t i o n s i m p l y by t h e s e t t l i n g 
o u t of p a r t i c l e s . 
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PETROGRAPHY 
T h i r t y - f i v e modal a n a l y s e s p r o v i d e i n f o r m a t i o n f o r t h e d e s c r i p ­
t i o n and e v a l u a t i o n of t h e p e t r o g r a p h i c a s p e c t s of t h e D a k o t a . 
V i r t u a l l y a l l s a m p l e s r e q u i r e d i m p r e g n a t i o n w i t h epoxy b e c a u s e t h e y 
a r e f r i a b l e . Al l s a m p l e s were s t a i n e d f o r p o t a s s i u m f e l d s p a r . 
X- r ay d i f f r a c t i o n a n a l y s i s of 16 s a m p l e s made p o s s i b l e t h e m i n e r a -
l o g i c a l d e t e r m i n a t i o n of t h e m a t r i x . All r o c k s s t u d i e d i n t h i n 
s e c t i o n s were c l a s s i f i e d a c c o r d i n g t o t h e s y s t e m p r e p a r e d by Folk 
( 1 9 6 8 ) . The t h r e e end members of t h i s c l a s s i f i c a t i o n a r e q u a r t z , 
f e l d s p a r , and r o c k f r a g m e n t s . The q u a r t z p o l e i n c l u d e s a l l q u a r t z 
t y p e s e x c e p t q u a r t z i t e and c h e r t . The f e l d s p a r p o l e i n c l u d e s 
s i n g l e f e l d s p a r s p l u s g r a n i t e and g n e i s s f r a g m e n t s . Al l o t h e r r o c k 
f r a g m e n t s f a l l a t t h e r o c k f r a g m e n t p o l e . M a t r i x , t h e r e f o r e , c o n s i s t s 
of a u t h i g e n e t i c c l a y , d e t r i t a l c l a y m a t e r i a l s i n which d e f i n i t e 
g r a i n b o u n d a r i e s a r e n o t v i s i b l e , and t e r r i g e n o u s m a t e r i a l l e s s 
t h a n 1/16 mm. C h e m i c a l l y p r e c i p i t a t e d p o r e - f i l l i n g s i l i c a ( r a r e ) , 
and s i l i c a o v e r g r o w t h s and c a l c i t e were c o u n t e d a s c e m e n t . 
P e b b l y S a n d s t o n e and C o n g l o m e r a t e 
M i n e r a l o g i c a l i y , t h e p e b b l y s a n d s t o n e and c o n g l o m e r a t e t h a t 
c o n s t i t u t e s t h e channe l l a g d e p o s i t s i s domina t ed by r o c k f r a g m e n t s , 
m a t r i x and q u a r t z g r a i n s . Both f e l d s p a r and chemica l cemen t a r e 
mino r c o n s t i t u t e n t s and r a n g e from z e r o t o one p e r c e n t . These r o c k s 
a r e p o o r l y t o v e r y p o o r l y s o r t e d and g e n e r a l l y a r e r e d d i s h - b r o w n , 
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T h i s c o l o r a t i o n i s p r e s e n t i n t h e m a t r i x and i n s o f t s e d i m e n t a r y 
r o c k f r a g m e n t s . I t i s a p p a r e n t l y h e m a t i t e s t a i n e m a n a t i n g from 
s e d i m e n t a r y r o c k f r a g m e n t s and s t a i n i n g t h e m a t r i x . T h i s s u i t e of 
r o c k s i s l e s s m a t u r e t h a n t h e s a n d s t o n e and s i l t s t o n e b e c a u s e of t h e 
p r e s e n c e of d e t r i t a l c l a y and l a b i l e s o f t s e d i m e n t a r y r o c k f r a g m e n t s . 
Rock f r a g m e n t s r a n g e i n g r a i n s i z e from sand t o p e b b l e s . Al l 
g r a n u l e - and p e b b l e - s i z e d m a t e r i a l a r e r o c k f r a g m e n t s c o n s i s t i n g of 
c h e r t , me tamorph ic r o c k f r a g m e n t s ( M R F ' s ) , and s e d i m e n t a r y r o c k 
f r a g m e n t s ( S R F ' s ) o t h e r t h a n c h e r t . C h e r t and MRF's a r e s u b r o u n d e d 
t o r o u n d e d . SRF ' s a r e i r r e g u l a r in form b e c a u s e of c o m p a c t i o n . 
C o m p o s i t i o n a l l y , c h e r t and MRF's a v e r a g e 1 7 . 8 and 1 7 . 9 p e r c e n t r e s ­
p e c t i v e l y of t h e p e b b l y s a n d s t o n e and c o n g l o m e r a t e s . SRF ' s a v e r a g e 
4 . 2 p e r c e n t . T o t a l l y , r o c k f r a g m e n t s a v e r a g e a b o u t 4 0 . 0 p e r c e n t 
of t h e c o m p o s i t i o n of t h e s e r o c k s . 
The m a t r i x i s a u t h i g e n i c and d e t r i t a l c l a y . X - r a y d i f f r a c t i o n 
i n d i c a t e s t h a t k a o l i n i t e i s t h e mos t common c l a y m i n e r a l . D i s t i n c t i o n 
be tween m a t r i x and SRF 's i s o f t e n d i f f i c u l t b e c a u s e of t h e r e d d i s h -
brown s t a i n , which somet imes i s o p a q u e . The m a t r i x m a t e r i a l i s 
p r e s e n t w i t h i n p o r e s p a c e s i n some s a m p l e s and forms " f l o a t i n g 
g r a i n s " i n o t h e r s . S a n d - s i z e m a t e r i a l i s m a i n l y q u a r t z e x c e p t f o r 
l e s s e r amounts of r o c k f r a g m e n t s and r a r e g r a i n s of p o t a s s i u m 
f e l d s p a r ( o r t h o c l a s e ) . C h e m i c a l l y p r e c i p i t a t e d s i l i c a , i n t h e form 
of q u a r t z o v e r g r o w t h s and p o r e - f i l l i n g c e m e n t , r a n g e s from z e r o 
t o 2 . 5 p e r c e n t . P o r o s i t y r a n g e s from z e r o t o 13 p e r c e n t . The 
a v e r a g e p o r o s i t y i s 4 , 7 p e r c e n t . The p r i n c i p l e bond ing a g e n t i s 
t h e m a t r i x . C h e m i c a l l y p r e c i p i t a t e d cement ( s i l i c a ) i s o n l y a 
This coloration 15 present in the matrix and in soft sedimentary 
rock fragments. It is apparently hematite stain emanating from 
sedimentary rock fragments and staining the matrix. This suite of 
rocks is less mature than the sandstone and siltstone because of the 
presence of detrital clay and labile soft sedimentary rock fragments. 
Rock fragments range in grain size from sand to pebbles. All 
granule- and pebble-sized material are rock fragments consisting of 
chert, metamOl~phic rock fragments (~1RF'S)) and sedimentary rock 
fragments (SRF's) other than chert. Chert and MRF's are subrounded 
to rounded. SRF's are irregular in form because of compaction. 
Compositionally, chert and MRF's average 17.8 and 17.9 percent res-
pectively of t.he pebbly sandstone and conglonJel~ates. SRF's average 
4.2 percent. Totally, rock fragments ave)'age aboL!t 4-0.C pe~~cent 
of the composition of these rocks. 
The nEltrix is authigenic and det-rital clay. X-ray dHfraction 
indicates that kaolinite is the most common c"lay mineral. Distinction 
betvleen matrix and SRF's is often difficult because of tIle reddish-
brown stain, which sometimes is opaque. The matrix mater1al is 
present l'Jithin pore spaces in some samples and forms "floating 
grains" in others. Sand-size material is mainly quartz exce~t for 
lesser amOL:nts of rock fragments and rate gY'ains of potassium 
feldspar (orthoclase). Chemically precipitated silica, in the form 
of quartz overgrowths and pore-filling cement. ranges from zero 
to 2.5 percent. Porosity ranges from zero to 13 percent. The 
average porus"it:.y is 4.7 percent. The pt'inciple bonding agent is 
the matrix. Chemically precipitated cement (silica) is only a 
minor bond ing a g e n t . F i g u r e 17 i s a t e r n a r y d i a g r a m of n i n e 
s a m p l e s of p e b b l y s a n d s t o n e and c o n g l o m e r a t e ; , which a r e a l l l i t h -
a r e n i t e . 
S a n d s t o n e and S i l t s t o n e 
M i n e r a l o g i c a l l y , t h e s a n d s t o n e and s i l t s t o n e a r e s t r o n g l y 
domina t ed by q u a r t z g r a i n s . O t h e r i m p o r t a n t c o n s t i t u t e n t s a r e r o c k 
f r a g m e n t s , m a t r i x and c e m e n t . F e l d s p a r i s r a r e and r a n g e s from z e r o 
t o n i n e p e r c e n t . Most s a m p l e s s howeve r , c o n t a i n o n l y t r a c e amounts 
of f e l d s p a r . The r e a l a t i v e abundance of f e l d s p a r t y p e s i s o r t h o c l a s e 
N a - p l a g i o c l a s e > m i c r o c l i n e . Mica f l a k e s a r e r a r e and a r e p r e s e n t 
i n t r a c e amounts i n o n l y a few s a m p l e s . 
The q u a r t z g r a i n s a r e m a i n l y m o n o c r y s t a l l i n e , n o n - u n d u l o s e , and 
a r e g e n e r a l l y we l l s o r t e d w i t h i n t e r m e d i a t e d e g r e e s of r o u n d i n g . The 
m a t r i x i s a l m o s t e x c l u s i v e l y a u t h i g e n i c c l a y . X- ray d i f f r a c t i o n 
i n d i c a t e s t h a t k a o l i n i t e i s t h e d o m i n a n t c l a y m i n e r a l . L e s s e r 
amounts of i l l i t e and m o n t m o r i l l o n i t e a r e a l s o p r e s e n t . O p t i c a l 
e v i d e n c e of c h l o r i t e was a l s o n o t e d . However , c h l o r i t e i s p r e s e n t i n 
t o o smal l amounts f o r d e t e c t i o n by X- ray t e c h n i q u e s . The c l a y m a t r i x 
i s c o n s i d e r e d t o be p o s t - d e p o s i t i o n a l b e c a u s e i t i s n o t p r e s e n t a t 
g r a i n c o n t a c t s b u t d o e s f i l l i n t e r s t i c e s be tween g r a i n s . Rock 
f r a g m e n t s a r e c h e r t and MRF's , which a v e r a g e 2 . 0 4 and 1.55 p e r c e n t 
o f t h e s e s a m p l e s , r e s p e c t i v e l y . S e d i m e n t a r y r o c k f r a g m e n t s a r e 
a b s e n t from mos t s a n d s t o n e and s i l t s t o n e s a m p l e s . S i l i c a i s t h e 
main chemica l c e m e n t , u s u a l l y a s q u a r t z o v e r g r o w t h s . However , i t 
i s p r e s e n t in o n l y m i n o r a m o u n t s , and compared t o t h e m a t r i x i t i s 
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n o t a s i g n i f i c a n t bonding a g e n t . For t h i s r e a s o n t h e Dakota s a n d s t o n e 
i s u s u a l l y f r i a b l e . P o r o s i t y f o r t h i s s u i t e - o f s a m p l e s r a n g e s from 
0 . 5 p e r c e n t t o 22 p e r c e n t . The a v e r a g e p o r o s i t y i s 1 0 . 6 p e r c e n t . 
F i g u r e 17 i s a t e r n a r y d i a g r a m f o r t h e s e r o c k s . F i f t y p e r c e n t a r e 
q u a r t z a r e n i t e s . The r e m a i n i n g s a m p l e s a r e s u b ! i t h a r e n i t e s and 
s u b a r k o s e s . E i g h t y p e r c e n t of t h e s e s a m p l e s c o n t a i n more t h a n 
n i n e t y p e r c e n t q u a r t z . 
Q u a r t z 
Each t h i n s e c t i o n was examined f o r d i f f e r e n t q u a r t z t y p e s . 
Q u a r t z g r a i n s a r e c l a s s i f i e d a s n o n - u n d u l o s e , u n d u l o s e and p o l y -
c r y s t a l l i n e ( B l a t t , 1967 ; C o n o l l y , 1 9 6 5 ) . The r e l a t i v e a b u n d a n c e 
o f t h e q u a r t z t y p e s i s n o n u n d u l o s e u n d u l o s e p o l y c r y s t a l l i n e . 
A c c o r d i n g t o F o l k ' s s y s t e m ( 1 9 6 8 ) , mos t of t h e q u a r t z g r a i n s a r e 
common o r p l u t o n i c q u a r t z w i t h l e s s e r amounts of v e i n q u a r t z and 
s t r e t c h e d me tamorph ic q u a r t z ( p o l y c r y s t a l 1 i n e ) . G e n e r a l l y t h e 
q u a r t z g r a i n s c o n t a i n few i n c l u s i o n s e x c e p t f o r some v a c u o l e s t h a t 
may be s c a t t e r e d o r a r r a n g e d in l i n e s a c r o s s t h e g r a i n . 
Two t y p e s of q u a r t z o v e r g r o w t h s were r e c o g n i z e d : p o s t -
d e p o s i t i o n a l q u a r t z o v e r g r o w t h s and reworked q u a r t z o v e r g r o w t h s . 
The f o r m e r t y p e i s r e c o g n i z e d by s t r a i g h t c r y s t a l f a c e s . They 
u s u a l l y do n o t c o m p l e t e l y f i l l t h e i n t e r s t i c i e s be tween g r a i n s . 
Wherever t h e y d o , however , t h e y form an i n t e r l o c k i n g ne twork of 
g r a i n s . Reworked o v e r g r o w t h s were r e c o g n i z e d by o b s e r v i n g n u c l e i of 
rounded q u a r t z g r a i n s i n which t h e o v e r g r o w t h s have a v e r y i r r e g u l a r 
o u t l i n e and have been " c h i p p e d " away i n p l a c e s down t o t h e s u r f a c e 
of t h e o r i g i n a l g r a i n ( F o l k . 1968 ; P e t t i J o h n , 1 9 5 7 ) . Somet imes t h e 
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" c h i p p e d " s u r f a c e s p e n e t r a t e t h r o u g h t h e o v e r g r o w t h and i n t o t h e 
o r i g i n a l g r a i n . 
Rock F ragmen t s 
S p e c i a l a t t e n t i o n was g i v e n t o r o c k f r a g m e n t s b e c a u s e of t h e i r 
a b u n d a n c e i n t h e channe l l a g d e p o s i t s , t h e i r u b i q u i t y i n t h e f o r m a t i o n 
i n g e n e r a l , and t h e i r s i g n i f i c a n c e i n d e t e r m i n i n g t h e l i t h o l o g y of 
t h e s o u r c e a r e a . Two b a s i c t y p e s of rock f r a g m e n t s a r e p r e s e n t : 
s e d i m e n t a r y rock f r a g m e n t s ( S R F ' s ) and me tamorph ic r o c k f r a g m e n t s 
( M R F ' s ) . No i g n e o u s r o c k f r a g m e n t s were n o t e d . S p e c i f i c a l l y , SRF ' s 
a r e r e p r e s e n t e d by t h e f o l l o w i n g rock t y p e s : c h e r t , s a n d s t o n e , 
s i l t s t o n e , muds tone and c l a y s t o n e . The mos t a b u n d a n t SRF ' s a r e 
c h e r t , muds tone and c l a y s t o n e . The o t h e r t y p e s a r e r a r e . The 
s p e c i f i c r o c k t y p e s of MRF's c o u l d n o t be d e f i n i t e l y d e t e r m i n e d 
b e c a u s e of t h e i r e x t r e m e l y f i n e - g r a i n e d n a t u r e ; howeve r , t h e y 
p r o b a b l y a r e e i t h e r p h y l l i t e , s l a t e o r a r g i l l i t e . 
P o s i t i v e i d e n t i f i c a t i o n of m i c r o c r y s t a l l i n e c h e r t v e r s u s 
f i n e - g r a i n e d MRF's i s d i f f i c u l t b e c a u s e of a l a c k of d i s t i n c t i v e 
p e t r o g r a p h i c c r i t e r i a ( F o l k , 1 9 5 2 ) . Few MRF's e x h i b i t f o l i a t i o n o r 
s c h i s t o s i t y and r a r e l y can o t h e r m i n e r a l s such a s mica f l a k e s o r 
f e l d s p a r be s e e n . D e t r i t a l q u a r t z g r a i n s , however , a r e p r e s e n t 
i n mos t MRF's. O c c a s i o n a l l y f a i n t e v i d e n c e of p r e f e r r e d o r i e n t a t i o n 
of c l a y m i n e r a l s i s s een in t h e MRF's . Because of t h i s d i f f i c u l t y , 
r o c k f r a g m e n t s from each t h i n s e c t i o n were r e c o u n t e d and r e - e x a m i n e d 
i n an a t t e m p t t o e s t a b l i s h p e t r o g r a p h i c c r i t e r i a u s e f u l i n d i s t i n g u i s h 
i n g m i c r o c r y s t a l l i n e c h e r t from f i n e - g r a i n e d MRF's . The r e s u l t s 
a r e shown i n t a b l e 5 . O c c a s i o n a l l y rock f r a g m e n t s were e n c o u n t e r e d 
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TABLE 5 : C h a r a c t e r i s t i c s of rock, f r a g m e n t s 
S e d i m e n t a r y Rock Fragments 
( e x c l u d i n g c h e r t ) C h e r t Metamorph ic Rock Fragments 
C o l o r r e d d i s h brown g ray t o da rk g r a y g r a y t o b l a c k 
T e x t u r e q u i t e v a r i a b l e t e n d s t o be homogeneous w i t h 
some v a r i a t i o n i n c r y s t a l s i z e 
v a r i a b l e ( o f t e n r e s e m b l e s 
c h e r t 
G r a i n 
b o u n d a r i e s 
e x t r e m e l y d e f o r m e d , e s p e c i a l l y 
i f r e l a t i v e l y l a r g e f r agmen t 
s m o o t h ; may have ve ry m i n o r 
i n d e n t a t i o n s 
m i n o r i n d e n t a t i o n s t o 
s i g n i f i c a n t l y deformed 
I n c l u s i o n s d e t r i t a l q u a r t z g r a i n s ; mica 
fl akes 
c a r b o n a t e r h o m b s , m i c r o -
f o s s i l s , d e t r i t a l q u a r t z 
d e t r i t a l q u a r t z g r a i n s mica 
fl akes 
Gra in s i z e s 
Fragment 
S i z e 
c l a y m a t r i x w i t h d e t r i t a l 
q u a r t s 
p e b b l e s i z e and s m a l l e r 
t y p i c a l c h e r t s i z e c r y s t a l s 
( 4 - 2 0 m i c r o n s ) w i t h some 
l a r g e r v o i d - f i l l i n g c r y s t a l s 
p e b b l e t o ve ry f i n e g r a i n e d 
a p h a n i t i c m a t r i x w i t h v e r y 
f i n e g r a i n e d t o s i l t - s i z e d 
q u a r t z g r a i n s 
p e b b l e t o ve ry f i n e g r a i n e d 
P r e f e r r e d 
o r i e n t a t i o n 
o f m a t r i x 
o f t e n none o c c a s i o n a l l y 
Mica r a r e ; where p r e s e n t e x t r e m e l y 
f i n e g r a i n e d 
none r a r e ; when p r e s e n t e x t r e m e l y 
f i n e g r a i n e d 
Fragment 
Shape 
h i g h l y i r r e g u l a r due t o 
compac t ion 
s i m i l a r t o q u a r t z g r a i n s 
o r e l o n g a t e 
s i m i l a r t o q u a r t z g r a i n s , 
e l o n g a t e g r a i n s r a r e 
L o c a t i o n channe l l a g d e p o s i t s anywhere anywhere 
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t h a t c o u l d n o t be p o s i t i v e l y i d e n t i f i e d as e i t h e r c h e r t o r MRF a s 
d e s c r i b e d i n t a b l e 5 . T h i s i n d i c a t e s t h e t a b l e ' s l i m i t e d a c c u r a c y 
and shows t h a t some of t h e c h a r a c t e r i s t i c s can a p p l y t o bo th r o c k 
t y p e s . 
P e t r o g r a p h i c Compar i sons of S a n d s t o n e and S i l t s t o n e 
L i m i t e d p e t r o g r a p h i c d i f f e r e n c e s a r e p r e s e n t among s a n d s t o n e 
and s i l t s t o n e d e p o s i t e d i n t h e l a r g e m e a n d e r i n g s t r e a m s y s t e m s , i n 
a l l u v i a l p l a i n s t r e a m s y s t e m s , and i n ove rbank a r e a s . The mos t 
o b v i o u s p e t r o g r a p h i c d i f f e r e n c e s a r e even p r e s e n t i n s a n d s t o n e t h a t 
was d e p o s i t e d i n d i f f e r e n t p a r t s of t h e l a r g e m e a n d e r i n g s t r e a m s 
u n d e r d i f f e r e n t f low c o n d i t i o n s . 
F i g u r e 18 i s a c l a s s i f i c a t i o n d i a g r a m of s a n d s t o n e and s i l t s t o n e 
from t h e l a r g e m e a n d e r i n g s t r e a m s y s t e m , t h e a l l u v i a l p l a i n s t r e a m 
s y s t e m , and t h e ove rbank d e p o s i t s . Al l of t h e s a n d s t o n e from t h e 
l a r g e m e a n d e r i n g s t r e a m s y s t e m i s q u a r t z a r e n i t e and s u b l i t h a r e n i t e . 
One of t h e a l l u v i a l p l a i n s a n d s t o n e i s a s u b a r k o s e , t h e o t h e r i s a 
q u a r t z a r e n i t e . T h r e e of t h e f o u r ove rbank s a n d s t o n e s a r e s u b a r k o s e 
i n c o m p o s i t i o n . The f o u r t h one i s on t h e b o r d e r be tween s u b a r k o s e and 
s u b l i t h a r e n i t e . The ove rbank s a n d s t o n e i s t h e o n l y t y p e t h a t 
c o n t a i n s a s i g n i f i c a n t amount of f e l d s p a r . 
F i g u r e 19 i s a g r a i n s - m a t r i x - c e m e n t t e r n a r y p l o t of t h e same 
s a n d s t o n e and s i l t s t o n e shown i n f i g u r e 1 8 . No c l e a r g r o u p i n g can 
be s e e n from t h i s c o m p a r i s o n . 
To c l a r i f y f u r t h e r p e t r o g r a p h i c c o m p a r i s o n s of t h e t h r e e g r o u p s 
of s a n d s t o n e s and s t i l s t o n e s , t h o s e of t h e l a r g e m e a n d e r i n g s t r e a m 
s y s t e m a r e d i s c u s s e d s e p a r a t e l y . Those of t h e a l l u v i a l p l a i n 
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Q u a r t z 
F e l d s p a r 
F i g . 18 
Modal a n a l y s i s o f s a n d s t o n e and s i l t s t o n e 
Mode of d e p o s i t i o n 
• — l a r g e m e a n d e r i n g s t r e a m d e p o s i t s 
« — a l l u v i a l p l a i n s t r e a m d e p o s i t s 
A — o v e r b a n k d e p o s i t s 
G r a i n s 
Cement 
Rock Fragment s 
\ 
F i g . 19 
G r a i n s - m a t r i x - c e m e n t t e r n a r y p l o t 
of s a n d s t o n e and s i l t s t o n e 
50% 
















Grains-matrix--cement ternary plot 






s t r e a m s y s t e m and t h e o v e r b a n k d e p o s i t s a r e d i s c u s s e d t o g e t h e r . The 
same t y p e of c o m p a r i s o n s a r e made f o r a l l t h r e e g r o u p s , which a r e 
modeled a f t e r s t u d i e s by P i c a r d , 1 9 7 1 ; P i c a r d and H i g h , 1 9 7 0 , 1972 . 
P ronounced p e t r o g r a p h i c v a r i a t i o n s were no t ed i n s a n d s t o n e 
t h a t was d e p o s i t e d i n d i f f e r e n t f low c o n d i t i o n s w i t h i n t h e l a r g e 
m e a n d e r i n g s t r e a m s y s t e m . T h i s i s b e s t d e m o n s t r a t e d by compar ing 
s a m p l e s of s e c t i o n s QA and SM-B. S e c t i o n SM-B r e p r e s e n t s d e p o s i t i o n 
i n t h e main s t r e a m c h a n n e l a s i n d i c a t e d by t r o u g h and p l a n a r c r o s s -
s t r a t i f i c a t i o n , p o i n t b a r d e p o s i t s and i t s r e l a t i v e l y l a r g e t h i c k ­
n e s s (112 f e e t ) . S e c t i o n OA r e p r e s e n t s d e p o s i t i o n a t o r n e a r bank 
f u l l c o n d i t i o n s a s i n d i c a t e d by a b u n d a n t h o r i z o n t a l s t r a t i f i c a t i o n , 
i t s h i g h s t r a t i g r a p h i c p o s i t i o n r e l a t i v e t o t h e main c h a n n e l , and 
i t s r e l a t i v e t h i n n e s s (67 f e e t ) . F i g u r e 20 i s a g r a i n - m a t r i x - c e m e n t 
p l o t of t h e s a m p l e s from t h e s e two s e c t i o n s . The p e r c e n t g r a i n s i s 
a b o u t t h e same i n b o t h c a s e s . The main d i f f e r e n c e i s i n t h e p r e c e n t 
of cement and m a t r i x . QA s a m p l e s c o n t a i n more cemen t and l e s s m a t r i x 
t h a n SM-B s a m p l e s . Even though s e c t i o n s QA and SM-B a r e n o t p a r t 
of t h e same c h a n n e l , t h e y p r o b a b l y a r e i n d i c a t i v e of p e t r o g r a p h i c 
c h a n g e s w i t h i n t h e l a r g e meande r ing s t r e a m d e p o s i t s . The d i f f e r e n c e s 
i n t h e m a t r i x c o n t e n t imply t h a t a t l e a s t some of t h e m a t r i x i s 
d e t r i t a l and t h a t l e s s e r amounts of i t a r e d e p o s i t e d i n s e c t i o n s 
s i m i l a r t o QA b e c a u s e of h i g h e r v e l o c i t y f low c o n d i t i o n s . T h e r e 
a l s o i s an i n v e r s e r e l a t i o n s h i p be tween t h e c o n t e n t s of m a t r i x and 
c e m e n t . SM-B sample s have r e l a t i v e l y h igh m a t r i x p e r c e n t a g e s and 
low cement p e r c e n t a g e s . QA s a n d s t o n e s have r e l a t i v e l y low m a t r i x 
p e r c e n t a g e s and h igh cement p e r c e n t a g e s . F i g u r e 21 f u r t h e r i l l u s t r a t e s 
t h e m a t r i x - c e m e n t r e l a t i o n s h i p for QA and SM-B s a n d s t o n e s . The 
stream system and the overbank deposits are discussed together. The 
same type of comparisons are made for all three groups, \'Jhich are 
modeled after studies by Picard, 1971; Picard and High, 1970, 1972. 
Pronounced petrographic variations were noted in sandstone 
that was de~osited in different flow conditions within the large 
meandering stream system. This is best der.lOnstrated by comparing 
samples of sections QA and S~-B. Section SM-8 represents deposition 
in the main stream channel as indicated by trough and planar cross-
stratification, point bar deposits and its relatively large thick-
ness (112 feet). Section QA represents deposition at or near bank 
full conditions as indicated by abundant horizontal stratification, 
its high stratigraphic position relative to the main channel, and 
its relative thinness (G7 feet). Figure 20 is a gi~ain-matl'ix-cement 
plot of the samples from these two sections. The percent grains is 
about the same in both cases. The main difference is in the precent 
of cement and matrix. QA samples contain more cement and less matrix 
than SM-B samples. Even though sections QA and SM-8 are not part 
of the same channel, they probably are indicative of petrographic 
changes within the large meandering stream deposits. The differences 
in the matrix content imply that at least some of the matrix is 
detrital and that lesser amounts of it are deposited in sections 
sirr:ilar to QA because of higher velocity flow conditions. There 
also is an inverse relationship between the contents of matrix and 
cement. SM~B samples have relatively high matrix percentages and 
low cement percentages. QA sandstones have relatively low matrix 
percentages and high cement percentages. Figure 21 further illustrates 
the matrix-cement relationship for QA and SM-8 sandstones. The 
G r a i n s 
Cement 
— s e c t i o n SM-B 
- - s e c t i o n QA 
G r a i n s - m a t r i x - cement t e r n a r y p l o t of s amp le s from l a r g e 
m e a n d e r i n g s t r e a m d e p o s i t s 
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d o t t e d l i n e s d e m o n s t r a t e t h e g r a p h i c a l s e p a r a t i o n of t h e s e two g r o u p s 
Note t h a t s a m p l e s from t h e o t h e r two g r o u p s p l o t i n t h e same a r e a 
of t h e g r a p h a s QA. F i g u r e s 22 and 23 show t h e r e l a t i o n s h i p of 
m a t r i x and cement t o q u a r t z f o r t h e s e same d e p o s i t s . In each c a s e 
t h e two g r o u p s , QA and SM-B, c l u s t e r w e l l g r a p h i c a l l y , a s shown by 
t h e d o t t e d 1 i n e s . 
The same p e t r o g r a p h i c c o m p a r i s o n s t h a t were made of s e c t i o n s 
QA and SM-B were a p p l i e d t o s a n d s t o n e of a l l u v i a l p l a i n s t r e a m 
d e p o s i t s and ove rbank d e p o s i t s . A l l u v i a l p l a i n s t r e a m d e p o s i t s 
a r e r e p r e s e n t e d by s e c t i o n s DC and C. Overbank d e p o s i t s a r e r e p r e ­
s e n t e d by s e c t i o n GM. P e t r o g r a p h i c a l l y , t h e s e two g r o u p s of 
s a n d s t o n e a r e s i m i l a r t o each o t h e r a s shown i n f i g u r e s 2 1 , 22 and 23 
T h e r e f o r e , i t would a p p e a r t o be d i f f i c u l t t o d i s t i n g u i s h them 
p e t r o g r a p h i c a l l y . A l s o , t h e s e p e t r o g r a p h i c c o m p a r i s o n s show t h a t 
s a n d s t o n e from t h e a l l u v i a l p l a i n s t r e a m s y s t e m and o v e r b a n k a r e a s 
r e s e m b l e s s a n d s t o n e of s e c t i o n QA. 
In summary, i t a p p e a r s t h a t p e t r o g r a p h i c a n a l y s i s i s n o t a 
s t r o n g i n d i c a t o r of t h e d i f f e r e n t modes of f l u v i a l d e p o s i t i o n t h a t 
have been d i s c u s s e d . Al l t n e s a n d s t o n e and s i l t s t o n e i s s i m i l a r 
p e t r o g r a p h i c a l l y e x c e p t f o r s a n d s t o n e d e p o s i t e d i n o r n e a r t h e main 
c h a n n e l of t h e l a r g e m e a n d e r i n g s t r e a m s a s r e p r e s e n t e d by s e c t i o n 
SM-B. 
D i a g e n e s i s 
The p r i n c i p l e d i a g e n e t i c e f f e c t on t h e Dakota s e d i m e n t s i s t h e 
f o r m a t i o n of c l a y m i n e r a l s . They form m o s t of t h e m a t r i x m a t e r i a l 
and a r e t h e p r i m a r y bond ing a g e n t of t h e c o a r s e - g r a i n e d f a c i e s . 
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S c a t t e r P l o t of Q u a r t z Versus Cement 
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K a o l i n i t e i s t h e m o s t a b u n d a n t c l a y m i n e r a l . L e s s e r amounts of 
i l l i t e , m o n t m o r i l l o n i t e and c h l o r i t e a r e a l s o p r e s e n t . T h i n - s e c t i o n 
e x a m i n a t i o n p r e c l u d e s t h e o r i g i n of t h e c l a y s from t h e a l t e r a t i o n of 
o r i g i n a l c o n s t i t u t e n t s . Such an o r i g i n c o u l d a c c o u n t f o r o n l y a 
mino r p o r t i o n of t h e a u t h i g e n i c m a t e r i a l b e c a u s e f e l d s p a r and 
mica a r e t h e o n l y m i n e r a l s i n t h e c o a r s e - g r a i n e d f a c i e s t h a t c o u l d 
a l t e r i n t o c l a y m i n e r a l s , and t h e y a r e p r e s e n t o n l y i n t r a c e amounts 
( C a r r i g y and M e l l o n , 1 9 6 4 ) . From t h i n - s e c t i o n s i t was d e t e r m i n e d t h a t 
t h e a u t h i g e n i c c l a y s mus t have been d e r i v e d from a n o t h e r s o u r c e . 
The m o s t l i k e l y s o u r c e i s from w a t e r t h a t was e x p e l l e d from t h e 
o v e r l y i n g Mowry F o r m a t i o n . These w a t e r s mus t have moved t h r o u g h 
t h e i n t e r s t i c e s of t h e Dakota s e d i m e n t s and p r e c i p i t a t e d t h e c l a y 
m i n e r a l s . The s i l i c a cement p r o b a b l y o r i g i n a t e d from t h e Mowry a s 
w e l l . C h r o n o l o g i c a l l y , p r e c i p i t a t i o n of t h e s i l i c a p r e c e d e d t h a t of 
t h e c l a y s . 
I t s h o u l d be no t ed t h a t f r e s h s a m p l e s a r e d i f f i c u l t t o o b t a i n . 
I t i s l i k e l y t h a t f r e s h s a m p l e s c o n t a i n l e s s k a o l i n i t e and more 
c a r b o n a t e cement t h a n t h e w e a t h e r e d s a m p l e s ( P o t t e r and G l a s s , 1 9 5 8 , 
p . 3 5 - 4 3 ) . C a r b o n a t e cement i s a l m o s t n o n - e x i s t e n t i n t h e w e a t h e r e d 
s a m p l e s . 
Kaolinite is the most abundant clay mineral. Lesser amounts of 
illite, montmorillonite and chlorite are also present. Thin-section 
examination precludes the origin of the clays from the alteration of 
original constitutents. Such an origin could account for only a 
minor portion of the authigenic material because feldspar and 
mica are the only minerals in the coarse-grained facies that could 
alter into clay minerals, and they are present only in trace amounts 
(Carrigy and Mellon, 1964). From thin-sections it was determined that 
the authigenic clays must have been derived from another source. 
The most likely source is from water that was expelled from the 
overlyi~g Mowry Formation. These waters must have moved through 
the interstices of the Dakota sediments and precipit2ted the clay 
minerals. The silica cement probably originated from the r"lovll'y as 
well. Chronologically, precipitation of the silica preceded that of 
the clays. 
It should be noted that fresh sru~ples are difficult to obtain. 
It is likely that fresh samples contain less kaolinite and more 
carbonate cement than the weathered samples (Potter and Glass 9 1958, 




P a l e o c u r r e n t d i r e c t i o n s were d e t e r m i n e d from s e d i m e n t a r y 
s t r u c t u r e s a t each measured s e c t i o n . A t o t a l of 349 measu remen t s 
were made , m a i n l y from s m a l l - and m e d i u m - s c a l e t r o u g h and p l a n a r 
c r o s s - s t r a t i f i c a t i o n . The number o f measu remen t s a t each l o c a l i t y 
r a n g e d from 10 t o 64 and a v e r a g e d 3 4 . 9 p e r l o c a l i t y . P a l e o c u r r e n t 
measurements were c o r r e c t e d f o r t e c t o n i c t i l t w h e n e v e r t h e fo rma­
t i o n d i p p e d o v e r 15 d e g r e e s ( P o t t e r and P e t t i J o h n , 1 9 6 3 , p . 2 6 0 ) . 
Methods 
P a l e o c u r r e n t d a t a was p r o c e s s e d i n two d i f f e r e n t ways . F i r s t , 
t h e d a t a was e v a l u a t e d i n t e rms of modal v e c t o r s as d e s c r i b e d 
by T a n n e r ( 1 9 5 9 ) . Th is method was s l i g h t l y m o d i f i e d by d i v i d i n g a 
compass d i a g r a m i n t o t w e l v e 30 d e g r e e a r c s i n s t e a d o f e i g h t 45 d e g r e e 
a r c s . Th i s method e s t a b l i s h e d t h e modal d i r e c t i o n o f s e d i m e n t t r a n s ­
p o r t f o r v a r i o u s g roups o f d a t a . However , s i n c e most o f t h e p a l e o ­
c u r r e n t measuremen t s were e s s e n t i a l l y u n i m o d a l , a more i n f o r m a t i v e 
method ( P o t t e r and P e t t i J o h n , 1 9 6 3 , p . 264) of a n a l y z i n g t h e d a t a 
was u s e d . The c a l c u l a t i o n s f o r g rouped d a t a o f t h i s l a t t e r method a r e 
n 
V = X n. cos x, 
l*i i 1 
h 
W = 1 n . s i n x. 
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where x i s t h e az imuth o f t h e r e s u l t a n t v e c t o r ( v e c t o r m e a n ) , R 
i s t h e m a g n i t u d e o f t h e v e c t o r mean, and L i s t h e m a g n i t u d e o f t h e 
v e c t o r mean i n t e r m s o f p e r c e n t . L i s a measure o f t h e c o n c e n t r a t i o n 
o f t h e a z i m u t h s ; t h e g r e a t e r t h e L t h e g r e a t e r t h e c o n c e n t r a t i o n . 
For t h e p u r p o s e s o f t h i s t h e s i s , t h e i m p o r t a n t f i g u r e s a r e x and L. 
The a p p r o p r i a t e c a l c u l a t i o n s were made w i t h t h e f o l l o w i n g t h r e e 
o b j e c t i v e s : 
a) t o q u a n t i t a t i v e l y e v a l u a t e p a l e o c u r r e n t measurement 
d a t a o f a n c i e n t m e a n d e r i n g s t r e a m d e p o s i t s , 
b) t o compare t h e r e s u l t s o f a) t o t h e r e s u l t s o f t h e 
a n c i e n t a l l u v i a l p l a i n s t r e a m d e p o s i t s , and 
c ) t o d e t e r m i n e t h e n e t r e g i o n a l d i s p e r s a l d i r e c t i o n o f 
t h e Dakota s e d i m e n t s . 
These o b j e c t i v e s were a p p r o a c h e d by c a l c u l a t i n g x and L f o r each 
c y c l e o f t h e m e a n d e r i n g s t r e a m d e p o s i t s . Th i s e s t a b l i s h e d t h e 
d i r e c t i o n o f s e d i m e n t movement and t h e c o n c e n t r a t i o n of a z i m u t h s i n 
t h e channe l p o r t i o n o f each c y c l e . S e c o n d l y , a t each o u t c r o p t h e 
v a r i a t i o n o f x of each channe l was o b s e r v e d . Th i s shows t h e amount 
o f change i n t h e d i r e c t i o n o f s t r e a m f low t h r o u g h t i m e a t t h a t 
o u t c r o p . T h i r d l y , x and L were computed from t h e p a l e o c u r r e n t d a t a 
o f a l l t h e c y c l e s a t each o u t c r o p . From t h i s c a l c u l a t i o n , x 
i n d i c a t e s t h e n e t d i r e c t i o n of s e d i m e n t movement a t each o u t c r o p 
t h r o u g h t i m e , w h e r e a s L i n d i c a t e s t h e v e r t i c a l c o n s i s t e n c y of p a l e o ­
c u r r e n t d i r e c t i o n s a t each o u t c r o p t h r o u g h t i m e . F i n a l l y , a l l 
o f t h e p a l e o c u r r e n t measuremen t s of t h e s t u d y a r e a were combined 
and computed f o r x , which i s t h e goa l o f o b j e c t i v e c ) . 
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R e s u l t s 
The r e s u l t s of t h e c o m p u t a t i o n s a r e l i s t e d i n t a b l e 6 . Con­
c e r n i n g o b j e c t i v e s a ) and b ) , t h e c o n c e n t r a t i o n of a z i m u t h s (L) 
i n t h e c h a n n e l s of t h e l a r g e m e a n d e r i n g s t r e a m d e p o s i t s a v e r a g e 
a b o u t 7 3 , 2 p e r c e n t . The o u t c r o p s , a s a w h o l e , have an L of a b o u t 
4 4 . 5 p e r c e n t . The same c o m p a r i s o n s f o r t h e a n c i e n t a l l u v i a l p l a i n 
s t r e a m d e p o s i t s a r e 6 1 . 2 p e r c e n t and 3 7 . 7 p e r c e n t r e s p e c t i v e l y . 
Data c o n c e r n i n g t h e t h i r d o b j e c t i v e was o b t a i n e d by compu t ing x 
from t h e t o t a l number of p a l e o c u r r e n t m e a s u r e m e n t s (349) t h a t were 
t a k e n i n t h e s t u d y a r e a . In t h i s c a s e x was o r i e n t e d N2 .7°E . 
F i g u r e 24 shows t h e v e r t i c a l v a r i a t i o n of x a t t h e o u t c r o p . F i g u r e 25 
shows t h e n e t d i r e c t i o n of s e d i m e n t movement a t each s t u d i e d l o c a l i t y ; 
f i g u r e 26 shows t h e n e t r e g i o n a l d i s p e r s a l d i r e c t i o n of t h e Dakota 
s e d i m e n t s . 
I n t e r p r e t a t i o n 
The r e s u l t s of t h e p a l e o c u r r e n t c a l c u l a t i o n s i n d i c a t e t h a t 
p a l e o c u r r e n t a z i m u t h s of t h e a n c i e n t m e a n d e r i n g c h a n n e l d e p o s i t s 
of t h e Dakota a r e n o t w i d e l y d i s p e r s e d , b u t f a i r l y we l l c o n c e n t r a t e d 
a s shown by t h e 7 3 . 2 p e r c e n t a v e r a g e of L. The combined t o t a l L of 
a l l t h e c y c l e s of each o u t c r o p , which a v e r a g e s 4 4 . 5 p e r c e n t , i n d i c a t e s 
t h a t t h e d i r e c t i o n of f low changed s u b s t a n t i a l l y t h r o u g h t i m e , 
which i s i n d i c a t e d i n f i g u r e 2 4 . The v a r i a b l e p a t t e r n s a r e e x p e c t e d 
from s i n u o u s s t r e a m s . Compar ison of t h e r e s u l t s of p a l e o c u r r e n t 
c a l c u l a t i o n s show t h a t X and L a r e s i m i l a r i n b o t h s t r e a m s y s t e m s . 
T h i s s u g g e s t s t h a t a l l u v i a l p l a i n s t r e a m s were a l s o m e a n d e r i n g . 
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TABLE 6 : P a l e o c u r r e n t a z i m u t h c o n c e n t r a t i o n (L) of Dakota s t r e a m d e p o s i t s 
L o c a t i o n 
(La rge m e a n d e r i n g s t r e a m d e p o s i t s ) 
Fl uvi a l 
Cyc les 
Combined 
T o t a l 
SM-A SM-B SM-C SM-D 

































T o t a l 32 .4%(10) 43 .0%(60) 
L a v e r a g e s 61.2% f o r i n d i v i d u a l c y c l e s ; combined t o t a l s f o r each l o c a t i o n 




36 .3%(22) 38 .1%(64) 2 .2%(32) 36 .1 %(35) 68 .3%(39) 38 .9%(56) 91 .3%(14) 
L a v e r a g e s 73.2% f o r i n d i v i d u a l c y c l e s ; combined t o t a l s f o r each l o c a t i o n 
a v e r a g e 44.5% 
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CYCLIC VARIATION OF X 
F i g . 24 
  
Cycles Location 
SM-A SM-B SM-C SM-D QA S 
5 I \ 




./' '- \ 
2 \ '1 I ! \. 
t \ ,/ J '-. 




2 I \ 
1 \ \ 
. 
65 
W Y O M I N G 
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N E T R E G I O N A L P A L E O C U R R E N T 
D I S P E R S I O N P A T T E R N 
N = 3 4 9 
x = N 2 . 7 ° E 
L = 2 7 . 3 % 
F i g . 26 
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"COARSE - GRAINED UNIT" 
D e s c r i p t i o n 
The " c o a r s e - g r a i n e d u n i t " i s a d a r k r e d d i s h - b r o w n p e b b l y s a n d ­
s t o n e and c o n g l o m e r a t e ( f i g u r e 2 7 ) . I t i s u s u a l l y s i t u a t e d a t t h e 
t o p of t h e Dakota i n d i r e c t c o n t a c t w i t h t h e Mowry F o r m a t i o n . I t 
i s p r e s e n t a t e v e r y l o c a l i t y e x c e p t GM and QA. I t s t h i c k n e s s r a n g e 
from 0 t o 40 f e e t . T h i s u n i t i s p o o r l y s o r t e d w i t h r andomly d i s ­
t r i b u t e d g r a n u l e s and p e b b l e s . G e n e r a l l y , i t i s s t r u c t u r e l e s s 
e x c e p t a t a few l o c a l i t i e s . The s t r u c t u r e s t h a t were o b s e r v e d 
were s t u d i e d i n an e f f o r t t o d e t e r m i n e t h e o r i g i n of t h i s u n i t . 
The s t r u c t u r e s s t u d i e d a r e s m a l l - s c a l e r i p p l e s i n s a n d s t o n e , l a r g e -
s c a l e r i p p l e s i n c o n g l o m e r a t e and m e d i u m - s c a l e t r o u g h s i n p e b b l y 
s a n d s t o n e and c o n g l o m e r a t e . 
R i p p l e i n d i c e s were d e t e r m i n e d f o r a t o t a l of 21 r i p p l e s e t s 
from f o u r d i f f e r e n t l o c a t i o n s as d e s c r i b e d by Tanne r ( 1 9 6 7 ) . 
D e t e r m i n a t i o n s of r i p p l e i n d e x (RI ) were l i m i t e d t o f i v e s e t s becau 
r e l i a b l e r i p p l e h e i g h t m e a s u r e m e n t s c o u l d n o t a l w a y s be made . RI 
v a l u e s o b t a i n e d a r e 1 1 . 7 , 6 . 3 , 6 . 0 , 5 . 2 and 3 . 3 . C o r r e s p o n d i n g 
r i p p l e symmetry index (RSI) v a l u e s a r e 2 . 0 , 1 . 3 , 1 . 6 , 1 . 3 , and 2 . 3 . 
RSI v a l u e s f o r t h e r e m a i n i n g 16 r i p p l e s e t s r a n g e from 1 .3 t o 6 . 4 . 
The f i v e r i p p l e s e t s i n which RI v e r s u s RSI v a l u e s can be compared 
s u g g e s t t h a t t h e y a r e wave-form r i p p l e s ( T a n n e r , 1 9 6 7 ) . RSI v a l u e s 
f o r t h e o t h e r 16 c a s e s s u g g e s t t h a t t h e y a r e bo th c u r r e n t - and 
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F i g . 27 - - E x p o s u r e of " c o a r s e - g r a i n e d u n i t " a t s e c t i o n SM-B. I t i s 
t h e u p p e r - m o s t u n i t t h a t i s s l i g h t l y more r e s i s t a n t t o e r o s i o n t h a n 
t h e u n d e r l y i n g f l u v i a l s a n d s t o n e . 
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wave-formed r i p p l e s . S e v e r a l v a l u e s of t h e l a t t e r c a s e f a l l i n t h e 
i n d e t e r m i n a t e r a n g e f o r RSI ( 1 . 5 - 4 , 0 ) , b u t based on a s s o c i a t i o n , 
o t h e r o r i g i n s a r e u n l i k e l y . 
A c c o r d i n g t o Tanner (1967) g e n e t i c i n t e r p r e t a t i o n s of RSI 
v a l u e s n o t i n t h e i n d e t e r m i n a t e r a n g e have a c o n f i d e n c e l e v e l of 
98 p e r c e n t . T h e r e f o r e , t h e i n t e r p r e t a t i o n of t h e 16 r i p p l e s e t s 
i n which RSI v a l u e s o n l y were d e t e r m i n e d i s c o n s i d e r e d q u i t e r e l i a b l 
The g e n e t i c i n t e r p r e t a t i o n of 3 of t h e 5 s e t s i n which RI and 
RSI v a l u e s were made i s more s u s p e c t . These r i p p l e s , c o n t r a r y t o 
t h e o t h e r s , a r e l a r g e - s c a l e . W a v e l e n g t h s r a n g e from 26 i n c h e s 
t o 5 f e e t . R i p p l e h e i g h t v a r i e s from 5 i n c h e s t o 18 i n c h e s . The 
l i t h o l o g y i s p e b b l y s a n d s t o n e and c o n g l o m e r a t e . As p r e v i o u s l y 
s t a t e d , t h e r i p p l e i n d i c e s i n d i c a t e wave- form o r i g i n . T h i s i s 
d e b a t a b l e b e c a u s e of t h e r i p p l e m a g n i t u d e and t h e c o a r s e - g r a i n e d 
l i t h o l o g y . A l so t h e r i p p l e i n d i c e s and c o r r e s p o n d i n g o r i g i n s , a s 
d e t e r m i n e d by T a n n e r , a r e p r e s u m a b l y f o r s a n d - s i z e m a t e r i a l o n l y . 
These l a r g e - s c a l e r i p p l e s a r e o n l y found i n o u t c r o p s of t h e l a r g e 
m e a n d e r i n g s t r e a m d e p o s i t s and a p p a r e n t l y o n l y i n t o p o g r a p h i c a l l y 
low a r e a s of t h e u p p e r s u r f a c e . 
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PROVENANCE 
From t h e p a l e o c u r r e n t d a t a , i t was d e t e r m i n e d t h a t t h e g e n e r a l 
d i r e c t i o n of s e d i m e n t d i s p e r s a l was t o t h e n o r t h ; h e n c e , t h e s o u r c e 
a r e a p r o b a b l y was somewhere on t h e s o u t h . The mos t l i k e l y s o u r c e 
a r e a was in w e s t - c e n t r a l and s o u t h e r n Utah and a d j a c e n t p o r t i o n s of 
e a s t e r n Nevada (MacKenzie and Ryan, 1 9 6 2 , p . 4 4 - 6 1 ; and Young, 1 9 7 0 , 
p . 1 4 7 - 1 5 9 ) . T h i s r e g i o n was o c c u p i e d by t h e M e s o c o r d i l l e r a n 
G e a n t i c l i n e , a h i g h l a n d a r e a from which t h e d i s p e r s a l s y s t e m t r a n s ­
p o r t e d s e d i m e n t s n o r t h and e a s t i n t o C o l o r a d o and Wyoming. 
In g e n e r a l , t h e s o u r c e a r e a was d o m i n a t e d by s e d i m e n t a r y r o c k s . 
E r o s i o n of p r e x i s t i n g s a n d s t o n e and l i m e s t o n e was r e s p o n s i b l e f o r 
mos t of t h e Dakota s e d i m e n t s . Metamorphic s o u r c e t e r r a i n s c o n t r i b u t e d 
minor amounts of m a t e r i a l . The s p e c i f i c t y p e s of m e t a m o r p h i c s o u r c e 
r o c k s c o u l d n o t be d e t e r m i n e d a l t h o u g h mos t MRF's a r e e x t r e m e l y f i n e ­
g r a i n e d , p r o b a b l y p h y l l i t e , s l a t e o r a r g i l ! i t e . Rare l a r g e f r a g m e n t s 
o f q u a r t z i t e were n o t e d . 
Abundant p e t r o g r a p h i c c r i t e r i a i n d i c a t e an o l d e r s e d i m e n t a r y 
s o u r c e . Al l t h e s a n d s t o n e of t h e Dakota i s q u a r t z - r i c h and c o n t a i n s 
l i t t l e , i f a n y , l a b i l e c o n s t i t u t e n t s . Al l a r e q u a r t z a r e n i t e o r q u a r t z -
r i c h v a r i t i e s of s u b ! i t h a r e n i t e o r s u b a r k o s e . F e l d s p a r s u s u a l l y a r e 
p r e s e n t o n l y i n t r a c e a m o u n t s . Q u a r t z t y p e s a r e mixed b u t n o n u n d u l o s e , 
p l u t o n i c q u a r t z i s d o m i n a n t . Many q u a r t z g r a i n s a p p a r e n t l y a r e 
reworked b e c a u s e some have good o v e r g r o w t h s and o t h e r s do n o t . 
A l so t h e n u c l e i of t h e overgrown g r a i n s u s u a l l y a r e w e l l r o u n d e d . 
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C h e r t i s u b i q u i t o u s i n t h e Dakota and i s one of t h e m o s t d i a g n o s t i c 
f e a t u r e s of a s e d i m e n t a r y s o u r c e t e r r a i n . I t i s g e n e r a l l y more 
a b u n d a n t t h a n MRF's. P e b b l y s a n d s t o n e and c o n g l o m e r a t e i s common and 
i s i n d i c a t i v e of a s e d i m e n t a r y s o u r c e . Metamorphic s o u r c e r o c k s 
were e v i d e n t l y p r e s e n t a s i n d i c a t e d by MRF's . V i r t u a l l y a l l MRF's 
a r e e x t r e m e l y f i n e - g r a i n e d . O c c a s i o n a l l y a q u a r t z i t e f r a g m e n t was 
o b s e r v e d i n t h e channe l l a g d e p o s i t s . I t i s c o n c e i v a b l e , howeve r , 
t h a t t h e MRF's a r e a c t u a l l y v e r y r e s i s t a n t d e t r i t a l f r a g m e n t s reworked 
from p r e x i s t i n g c l a s t i c s e d i m e n t s . 
Many t e x t u r a l f e a t u r e s a l s o i n d i c a t e s e d i m e n t a r y s o u r c e r o c k s . 
The Dakota i s c h a r a c t e r i z e d by f a i r l y w e l l rounded q u a r t z g r a i n s , 
which s u g g e s t s t h a t t h e y have been r e c y c l e d . A h igh d e g r e e of 
r o u n d i n g of t h e heavy m i n e r a l s i n t h e Dakota a l s o i n d i c a t e s more t h a n 
one e p i s o d e of e r o s i o n and t r a n s p o r t a t i o n . T e x t u r a l i n v e r s i o n s a r e 
n o t common b u t a r e p r e s e n t . The t y p e s of t e x t u r a l i n v e r s i o n s o b s e r v e d 
were a ) f a i r l y we l l rounded g r a i n s t h a t were n o t w e l l s o r t e d , and 
b) w e l l - s o r t e d bimodal s e d i m e n t s . These i n v e r s i o n t y p e s p r o b a b l y 
r e p r e s e n t m u l t i p l e s e d i m e n t a r y s o u r c e r o c k s ( F o l k , 1 9 6 8 , p . 1 0 6 ) . 
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DISPERSAL SYSTEM 
The d i s p e r s a l s y s t e m of t h e Dakota s e d i m e n t s was p r o b a b l y a 
complex f l u v i a l sy s t em c h a r a c t e r i z e d by m e a n d e r i n g s t r e a m s t h r o u g h o u t . 
Th i s s y s t e m e v o l v e d t h r o u g h t h r e e s t a g e s of s t r e a m d e v e l o p m e n t ; each 
r e p r e s e n t e d by c h a r a c t e r i s t i c d e p o s i t s . The t h r e e s t a g e s a r e 
g r a p h i c a l l y d e p i c t e d i n f i g u r e 2 8 . 
As p r e v i o u s l y d i s c u s s e d , two b a s i c t y p e s of s t r e a m s we re p r e s e n t 
d u r i n g Dakota t i m e ; t h e r e l a t i v e l y l a r g e m e a n d e r i n g s t r e a m s and t h e 
s m a l l e r a l l u v i a l p l a i n s t r e a m s . P a l e o c u r r e n t i n f o r m a t i o n i n d i c a t e s 
t h a t a l l u v i a l p l a i n s t r e a m s were m e a n d e r i n g a s w e l l . The l a r g e 
m e a n d e r i n g s t r e a m s e v o l v e d t h r o u g h two s t a g e s of d e v e l o p m e n t . S t a g e I 
t h e e a r l i e s t , i s c h a r a c t e r i z e d by s t r e a m s t h a t a p p a r e n t l y were q u i t e 
l a r g e a s i n d i c a t e d by t h e t h i c k n e s s of t h e i r d e p o s i t s . The l o w e r 
bounda ry s u r f a c e i s u n d u l a t i n g b e c a u s e of s c o u r i n g a c t i o n i n t o t h e 
Cedar Mounta in F o r m a t i o n . S t a g e I s t r e a m s , t h e r e f o r e , a r e d e g r a d i n g 
s t r e a m s a s i n d i c a t e d by t h e i r downward e r o s i o n . The banks were 
p r o b a b l y c o h e s i v e enough t o m i n i m i z e t h e amount of l a t e r a l m i g r a t i o n , 
which a l l o w e d t i m e f o r s u b s t a n t i a l q u a n t i t i e s of o v e r b a n k m a t e r i a l 
t o a c c u m u l a t e and be p r e s e r v e d . T o p o g r a p h y , t h e r e f o r e , p r o b a b l y 
g a i n e d enough r e l i e f t o f u r t h e r i n h i b i t c h a n n e l m i g r a t i o n . L a t e r a l 
movement was n o t t o t a l l y e l i m i n a t e d , however . 
S t a g e I I s t r e a m s r e p r e s e n t s i g n i f i c a n t c h a n g e s i n t h e d i s p e r s a l 
s y s t e m . T h e s e were m e a n d e r i n g s t r e a m s t h a t were somewhat s m a l l e r t h a n 
t h o s e of S t a g e I . The lower boundary i s n o t u n d u l a t o r y b u t i s smooth 
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S t a g e I I I 
S m a l l , a l l u v i a l p l a i n s t r e a m s 
S t a g e I I 
L a r g e , m e a n d e r i n g s t r e a m s 
(somewhat s m a l l e r t h a n S t a g e I ) 
S t a g e I 
















and h o r i z o n t a l . T h i s s u g g e s t s t h a t t h e s t r e a m s of S t a g e I I had 
a p p r o a c h e d " g r a d e " and r e a c h e q u i l i b r i u m w i t h t h e s u r r o u n d i n g s . 
L a t e r a l m i g r a t i o n of t h e s t r e a m s i s s u g g e s t e d , w h e r e a s downward 
e r o s i o n was p r o b a b l y n e g l i g i b l e . The banks of t h e s t r e a m s a p p a r e n t l y 
were n o t r e s i s t a n t t o l a t e r a l e r o s i o n , which a l l o w e d t h e s t r e a m s t o 
m i g r a t e r a p i d l y b a c k - a n d f o r t h a c r o s s t h e f l o o d p l a i n . T h i s a c c e l e r a t e d 
r a t e of l a t e r a l movement d i d n o t t i m e f o r s u b s t a n t i a l t h i c k n e s s e s 
of ove rbank m a t e r i a l t o a c c u m u l a t e on t h e f l o o d p l a i n . F r e q u e n t 
r e w o r k i n g of t h e f l o o d p l a i n p r e v e n t e d such m a t e r i a l from b e i n g 
p r e s e r v e d and p r o b a b l y p roduced a f l a t t o p o g r a p h y . 
These two s t a g e s of s t r e a m d e v e l o p m e n t have p roduced a s e q u e n c e 
of s e d i m e n t s t h a t r e p r e s e n t " f i l l i n g - u p " of t h e d e p o s i t i o n a l b a s i n . 
S t a g e I s t r e a m s were i n d i s e q u i l i b r i u m w i t h t h e t e c t o n i c and ( o r ) 
c l i m a t i c s e t t i n g . These s t r e a m s t h e n e v o l v e d i n t o S t a g e I I s t r e a m s 
t h a t r e p r e s e n t c o n t i n u e d f i l l i n g of t h e b a s i n unde r g r a d e d c o n d i t i o n s . 
Al l o u t c r o p s of t h e l a r g e m e a n d e r i n g s t r e a m d e p o s i t s show b o t h 
s t a g e s of s t r e a m d e v e l o p m e n t . 
The t h i r d t y p e of s t r e a m d e v e l o p m e n t , S t a g e I I I , i s r e p r e s e n t e d 
by t h e a l l u v i a l p l a i n s t r e a m s y s t e m . S t a g e I I I s t r e a m s we re d e f i n i t e l y 
formed a f t e r t h o s e of S t a g e I and p r o b a b l y s i m u l t a n e o u s l y w i t h t h o s e 
of S t a g e I I . T h i s r e l a t i o n s h i p was d e t e r m i n e d from t h e o u t c r o p a t 
s e c t i o n M n e a r M a n i l a , U tah . At t h i s l o c a t i o n S t a g e I I I s t r e a m 
d e p o s i t s o v e r l i e S t a g e I s t r e a m d e p o s i t s . A l s o , S t a g e I I I s t r e a m 
d e p o s i t s a r e i n c o n t a c t w i t h t h e Mowry S h a l e a s a r e t h o s e of S t a g e I I . 
I n d i v i d u a l c h a n n e l d e p o s i t s of S t a g e I I I a r e a r r a n g e d i n an en e c h e l o n 
manner s e p a r a t e d by ove rbank m a t e r i a l . In S t a g e I I I d e p o s i t s were 
found t h e o n l y example of c r e v a s s e - s p l a y d e p o s i t s . The en e n c h e l o n 
and horizontal. This suggests that the streams of Stage II had 
approached "grade" and reach equil i brium with the surroundi ngs. 
Lateral migration of the streams is suggested, whereas downward 
erosion was probably negligible. The banks of the streams apparently 
were not resistant to lateral erosion, which allowed the streams to 
migrate rapidly back-and forth across the floodplain. This accelerated 
rate of lateral movement did not time for substantial thicknesses 
of overbank material to accumulate on the floodplain. Frequent 
reworking of the floodplain prevented such material from being 
preserved and probably produced a flat topography. 
These two stages of stream development have produced a sequence 
of sediments that represent IIfilling-up" of the depositional basin. 
Stage I streams were in disequilibrium with the tectonic and (or) 
climatic setting. These streams then evolved into Stage II streams 
that represent continued filling of the basin under graded conditions. 
All outcrops of the large meandering stream deposits show both 
stages of stream development. 
The tlli rd type of stream development, Stage II I, is represented 
by the alluvial plain stream system. Stage III streams I'Jere definitely 
formed after those of Stage I and probably simultaneously with those 
of Stage II. This relationship VJas determined from the outcrop at 
section M near Manila, Utah. At this location Stage III stream 
deposits overlie Stage I stream deposits. Also, Stage III stream 
deposits are in contact with the Mowry Shale as are those of Stage II. 
Individual channel deposits of Stage III are arranged in an en echelon 
manner separa ted by overbank rna teri a 1 . I n Stage I II depos its VJere 
found the only example of crevasse-splay deposits. The en enchelon 
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a r r a n g e m e n t i s i n t e r p r e t e d t o r e p r e s e n t s h i f t i n g of t h e c h a n n e l s 
i n t o n e a r b y t o p o g r a p h i c low a r e a s . S t a g e I I I - p r o b a b l y i s an a g g r a d i n g 
s y s t e m . Excep t f o r s e c t i o n M, o u t c r o p s of S t a g e I I I d e p o s i t s a r e 
e x c l u s i v e of d e p o s i t s of o t h e r s t a g e s . 
Al l o f t h e s a n d s t o n e b o d i e s of t h e d i s p e r s a l s y s t e m a r e e l o n g a t e 
b o d i e s . The s p e c i f i c t y p e i s d i f f i c u l t t o d e t e r m i n e from s u r f a c e 
e x p o s u r e s ; b u t , p r o b a b l y , d e n d r o i d and r i b b o n v a r i e t i e s a r e a l l 
p r e s e n t ( P o t t e r , 1 9 6 2 ) . E l o n g a t e sand b o d i e s a r e u s u a l l y o r i e n t e d 
p e r p e n d i c u l a r t o t h e d e p o s i t i o n a l s t r i k e and p a r a l l e l w i t h t h e 
p a l e o s l o p e . 
arrangement is interpreted to represent shifting of the channels 
into nearby topographic low areas. Stage rlr probably is an aggrading 
system. Except for section M, outcrops of Stage rlr deposits are 
exclusive of deposits of other stages. 
All of the sandstone bodies of the dispersal system are elongate 
bodies. The specific type is difficult to determine from surface 
exposures; but, probably, dendroid and ribbon varieties are all 
present (Potter, 1962). Elongate sand bodies are usually oriented 
perpendicular to the depositional strike and parallel with the 
paleoslope. 
DEPOSITIONAL ENVIRONMENTS 
The Dakota F o r m a t i o n w i t h i n t h e s t u d y a r e a was d e p o s i t e d i n 
a f l u v i a l e n v i r o n m e n t . T h i s was d e t e r m i n e d by o b s e r v i n g t h e e r o s i o n a l 
s u r f a c e a t t h e lower c o n t a c t and by s t u d y i n g t h e s e d i m e n t a r y s t r u c t u r e s , 
t e x t u r a l p a r a m e t e r s , p e t r o g r a p h y and p a l e o c u r r e n t s . S u b e n v i r o n m e n t s 
were r e c o g n i z e d as channe l and ove rbank d e p o s i t i o n . Each f orms a 
l i t h o l o g i c f a c i e s w i t h i n t h e D a k o t a . S p e c i f i c t y p e s of s t r e a m 
d e p o s i t s i n c l u d e channe l l a g , p o i n t b a r , l e v e e and p o s s i b l e c r e v a s s e -
s p l a y d e p o s i t s . 
As p r e v i o u s l y d i s c u s s e d , t h e t h r e e t y p e s of s t r e a m s r e p r e s e n t , t h e 
c h a n n e l f a c i e s of t h e f l u v i a l e n v i r o n m e n t . The n a t u r e of t h e s e 
s t r e a m s , as i n d i c a t e d by t h e i r d e p o s i t s , i n c o n j u n c t i o n w i t h t h e 
t r a n s g r e s s i v e Mowry s e a s u g g e s t t h a t t h e b e s t l a r g e - s c a l e model of 
t h e d e p o s i t i o n a l e n v i r o n m e n t i s a l o w - l y i n g p l a i n , p r o b a b l y n e a r t h e 
s e a , on which s l u g g i s h m e a n d e r i n g s t r e a m s f l o w e d . D e p o s i t s of 
S t a g e I s t r e a m s were more d i s t a n t from t h e sea t h a n t h o s e of S t a g e I I 
and S t a t e I I I . T h i s i s b e c a u s e S t a g e I d e p o s i t s a r e o l d e s t and t h a t 
t h e Mowry d i r e c t l y o v e r l i e s S t a g e s I I and I I I . 
The mode of o r i g i n of t h e " c o a r s e - g r a i n e d u n i t " i s l e s s c e r t a i n . 
I t i s c o n c e i v a b l e t h a t i t c o u l d have formed in e i t h e r a f l u v i a l 
e n v i r o n m e n t o r some t r a n s i t i o n a l e n v i r o n m e n t be tween c o n t i n e n t a l 
o r m a r i n e c o n d i t i o n s such as an e s t u a r y , t i d a l f l a t o r a r i v e r t h a t i s 
s t r o n g l y a f f e c t e d by t i d a l c u r r e n t s . I t c o u l d be a r g u e d t h a t a 
s w i f t l y f l o w i n g s t r e a m would be n e c e s s a r y t o t r a n s p o r t such c o a r s e -
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g r a i n e d m a t e r i a l . The m e d i u m - s c a l e t r o u g h s p l u s t h i s u n i t ' s c l o s e 
a s s o c i a t i o n w i t h t h e f l u v i a l r o c k s of t h e Dakota s u p p o r t t h e f l u v i a l 
h y p o t h e s i s . E v i d e n c e i n f a v o r of d e p o s i t i o n i n one of t h e t r a n s i t i o n a l 
e n v i r o n m e n t s i s i t s w i d e s p r e a d o c c u r r e n c e , which makes c o r r e l a t i o n 
p o s s i b l e o v e r much of t h e s t u d y a r e a . A l s o , i n s p i t e of t h e d e b a t a b l e 
o r i g i n of t h e l a r g e - s c a l e r i p p l e s , t h e y a p p e a r l i k e l y t o have formed 
i n s t r o n g , b i m o d a l l y opposed c u r r e n t s . The r e a s o n f o r t h i s i s t h a t 
c o a r s e - g r a i n e d r i p p l e s t h a t have o r i g i n a t e d i n u n i d i r e c t i o n a l 
f l u v i a l c o n d i t i o n s a p p e a r t o have long w a v e - l e n g t h s , much l o n g e r 
t h a n t h e w a v e l e n g t h o b s e r v e d i n t h e " c o a r s e - g r a i n e d u n i t " ( T h i e l , 1 9 3 2 ) . 
The c o n t a c t be tween t h e " c o a r s e - g r a i n e d u n i t " and t h e u n d e r l y i n g 
f l u v i a l d e p o s i t s i s p r o b a b l y u n c o n f o r m a b l e . The w r i t e r f a v o r s t h e 
i n t e r p r e t a t i o n of t h e " c o a r s e - g r a i n e d u n i t " a s r e p r e s e n t i n g a 
t r a n s i t i o n a l e n v i r o n m e n t . I t i s t h e r e f o r e f e l t t h a t t h e " c o a r s e ­
g r a i n e d u n i t " i s g e n e t i c a l l y r e l a t e d t o t h e t r a n s g r e s s i o n of t h e 
Mowry s e a and i s t h e r e f o r e n o t p a r t of t h e Dakota F o r m a t i o n d e p o s i -
t i o n a l e n v i r o n m e n t . 
grained mated':;.l. The medium·~sca·le troughs plus this unit's close 
association with the fluvial rocks of the Dakota support the fluvial 
hypothesis. Evidence in favor of deposition in one of the transitional 
environments is its widespread occurrence, which makes correlation 
possible over much of the study area. 1\150, in spite of the debatable 
origin of the large-scale ripples, they appear likely to have formed 
in strong, bimodally opposed currents. The reason for this is that 
coarse-grained ripples that have originated in unidirectional 
fluvial conditions appear to have long wave-lengths, much longer 
than the \>Javelength observed in the IIcoarse-grained unitll (Thiel, 1932). 
The contact between the Ilcoarse-grained unit ll and the underlying 
fluvial deposits is probably unconformable. The writer favors the 
; nterpreta t'i on of the IIcoarse-gra i ned unit ll as representi ng a 
transitional environment. It is therefore felt that the IIcoarse-
gr'ained unit ll is genetically t'elatc:d to the transgression of the 
r·lowry sea and is therefore not part of the Dakota Formation deposi-
tional environment. 
CONCLUSIONS 
In c o n c l u s i o n , t h e Dakota F o r m a t i o n i n n o r t h e a s t e r n Utah i s a 
c o n t i n e n t a l f l u v i a l d e p o s i t . I t i s c h a r a c t e r i z e d by two d i f f e r e n t 
l i t h o l o g i c f a c i e s ; a c o a r s e - g r a i n e d channe l f a c i e s and a f i n e ­
g r a i n e d ove rbank f a c i e s . The c h a n n e l f a c i e s i s r e p r e s e n t e d by two 
t y p e s of o u t c r o p s t h a t i n d i c a t e a change in t h e d i s p e r s a l s y s t e m . 
L a t e r a l a c c r e t i o n i s r e s p o n s i b l e f o r v i r t u a l l y a l l o f t h e d e p o s i t i o n 
i n t h e c h a n n e l f a c i e s . Most of t h e c h a n n e l d e p o s i t i o n i s i n t h e 
form of p o i n t b a r s . A l s o , t h e c h a n n e l f a c i e s i s c h a r a c t e r i z e d by 
c y c l e s , each r e p r e s e n t i n g a s i n g l e e p i s o d e of f l u v i a l d e p o s i t i o n . 
C e r t a i n t e x t u r a l p a r a m e t e r s , e x p e c i a l l y g r a i n s i z e , a r e 
v a l u a b l e i n i n d e n t i f y i n g t h e t y p e of s t r e a m i n which t h e s e d i m e n t s 
were d e p o s i t e d . P e t r o g r a p h i c s t u d i e s showed t h a t t h e c o a r s e - g r a i n e d 
c h a n n e l f a c i e s i s q u a r t z - r i c h . M a t r i x and r o c k f r a g m e n t s a r e t h e 
o t h e r main c o n s t i t u e n t s . D e t a i l e d p a l e o c u r r e n t a n a l y s i s d e m o n s t r a t e d 
t h a t a l l of t h e Dakota s t r e a m s were m e a n d e r i n g . P a l e o c u r r e n t a z i m u t h s 
a r e f a i r l y we l l c o n c e n t r a t e d f o r s i n g l e c h a n n e l s b u t l e s s c o n c e n t r a t e d 
f o r t h e o u t c r o p a s a w h o l e . The r e g i o n a l d i s p e r s a l d i r e c t i o n i s 
a l m o s t due n o r t h . 
The " c o a r s e - g r a i n e d u n i t " , p r e s e n t a t t h e t o p of t h e c h a n n e l 
f a c i e s , i s t h o u g h t t o have o r i g i n a t e d i n a t r a n s i t i o n a l e n v i r o n m e n t 
be tween c o n t i n e n t a l and m a r i n e c o n d i t i o n s a s a p r o d u c t of t h e 
t r a n s g r e s s i n g Mowry s e a . From t h e s e c o n c l u s i o n s , a new u p p e r 
c o n t a c t i s p r o p o s e d and i t l i e s a t t h e b a s e of t h e " c o a r s e - g r a i n e d 
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The p r o v e n a n c e a r e a f o r t h e Dakota s e d i m e n t s was p r o b a b l y i n 
s o u t h - c e n t r a l Utah and a d j a c e n t p o r t i o n s of Nevada. The s o u r c e 
t e r r a n e c o n s i s t e d of o l d e r s e d i m e n t a r y r e c k s and l e s s e r amounts of 
f i n e - g r a i n e d me tamorph ic r o c k s . 
The d i s p e r s a l sy s t em was composed of t h r e e d i f f e r e n t forms of 
s t r e a m s . The d i f f e r e n c e s i n t h e s t r e a m s were in s i z e , d e g r e e of 
l a t e r a l m i g r a t i o n , p r e s e n c e o r a b s e n c e of o v e r b a n k d e p o s i t s and 
e q u i l i b r i u m o r d i s e q u i l i b r i u m c o n d i t i o n s w i t h t h e g e o l o g i c and ( o r ) 
c l i m a t i c s e t t i n g . 
The dominan t e n v i r o n m e n t of d e p o s i t i o n was p r o b a b l y v a r i a b l e 
i n t e r m s of d i s t a n c e from t h e s e a . S t a g e I s t r e a m s were p r o b a b l y 
a t a g r e a t e r d i s t a n c e from t h e s e a t han s t r e a m s of S t a g e s I I and I I I . 
The e n v i r o n m e n t of d e p o s i t i o n f o r S t a g e I d e p o s i t s i s c o n c l u d e d t o be 
a f a i r l y l a r g e s t r e a m v a l l e y a t an u n d e t e r m i n e d d i s t a n c e from t h e s e a . 
S t a g e s I I and I I I r e p r e s e n t d e p o s i t i o n on a l o w - l y i n g a l l u v i a l p l a i n 
n e a r e r t o t h e s e a , p r o b a b l y a c o a s t a l p l a i n . The u l t i m a t e s i t e of 
d e p o s i t i o n by Dakota s t r e a m s was p r o b a b l y n o r t h of t h e s t u d y a r e a 
i n w e s t e r n Wyoming. 
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